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CHAPTER 1. GENERAL INTRODUCTION 
Introduction 
Importance and distribution of alfalfa 
Alfalfa {Medicago saliva L.) is one of the most important forage crops grown in the 
U.S. as well as throughout the world (40, 99). There are nine major germplasm sources for 
alfalfa breeding: M. falcata, Ladak, M. varia, Turkistan, Flemish, Chilean, Peruvian, Indian, 
and African (6, 40). As early as 1736, colonists brought alfalfa to the eastern U.S (98), but 
these and subsequent introductions were not successful due to the acidity of the soil. 
However, alfalfa introduction was very successful in the western U.S. in the I850's where 
alfalfa was irrigated (40). Eventually, winter-hardy alfalfa germplasm was introduced into 
the southem Great Plains and into the North Central States (40). 
Currently, there are approximate 25 million acres of alfalfa in production in the USA. 
Wisconsin, Minnesota, and South Dakota each have more than 2 million acres (0.81 million 
ha) of alfalfa in production. California, Idaho, Iowa, Montana, Nebraska, and North Dakota 
each have 1 to 2 million acres (0.40 to 0.81 million ha) of alfalfa in production (40). The 
average yield of one acre of alfalfa is 3.4 tons/year (7.7 x 10^ kg/ha), and the estimated value 
of alfalfa produced annually in the USA is 6.4 billion dollars. The record yield for one acre 
of alfalfa is 10 tons/year (22 x 10^ kg/ha) without irrigation and 24 tons/year (54 x 10^ kg/ha) 
with irrigation. Alfalfa is often grown in mixtures with other forage grasses and legumes. In 
the North Central USA, the monetary value (per acre/year) of alfalfa grown as a mixture with 
other forages is approximately equal to the value of wheat and soybeans. 
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One of the most important characteristics of alfalfa is its high nutritional quality. 
Alfalfa hay is used primarily as animal feed for dairy cows but also is fed to horses, beef 
cattle, sheep, and goats (40, 99). Alfalfa contains between 15 to 22% crude protein and is an 
excellent source of 10 different vitamins and minerals (40). 
Alfalfa is a widely adapted crop, is energy-efficient, and is an important source of 
biological nitrogen fixation. On average, one acre of alfalfa can fix about 200 kg of nitrogen 
per year, thus reducing the need to apply expensive nitrogen fertilizers to the subsequent 
crop. Alfalfa also plays a very important role in soil conservation (40, 99). 
Alfalfa diseases and yield losses 
Alfalfa is susceptible to a number of plant pathogens. Fungi, bacteria, viruses, 
nematodes, and phytoplasmas all have the potential to cause diseases that limit alfalfa 
production (13, 38, 40, 54, 74, 99, 100). Foliar diseases caused by fungi can lead to severe 
losses as well as significant reductions in forage quality (10, 11, 13, 34, 99). Yield loss (also 
referred to as the "yield gap"), is defined as the difference between the attainable yield and 
the actual yield achieved by farmers (77, 84). A general definition for attainable yield is the 
yield achieved when all available crop protection tactics are deployed in an attempt to 
minimize the impacts of all biotic pests, whereas actual yield is defined as the yields 
achieved by farmers using current crop protection practices (84). In order to accurately 
assess the economic benefits of deploying specific disease management tactics, it is first 
necessary to quantify the yield gaps caused by biotic pests (11, 84, 118). 
Theoretically, integrated disease management tactics are employed to prevent yield 
losses from exceeding the economic damage threshold (84, 118). The damage threshold that 
triggers the decision to deploy a specific management tactic is known as the action threshold 
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(118). Action thresholds are based on the present level of disease intensity, since present 
disease intensity levels are assumed to have a close relationship to future disease intensity 
levels. Disease intensity is a general term for the amount of injury caused by plant 
pathogen(s) in a host population (85). Thus, precise, accurate, and timely disease 
assessments are crucial for making timely cost-effective disease management decisions. 
Disease assessment 
Disease assessment is the process of quantitatively measuring disease intensity in a 
host population (77, 83). Traditionally, visual disease assessment has been the approach 
most often employed by plant pathologists to assess disease injury (14, 72, 76). These 
methods rely upon the human eye and brain to assess (quantify) disease intensity in a host 
population. Visual disease assessment methods include: (i) disease incidence (the number of 
diseased sampling units divided by the total number of sampling units assessed x 100), (ii) 
disease severity (the diseased leaf area divided by the total leaf area x 100), and (iii) 
percentage defoliation (the number of defoliated leaves divided by the total number of leaves 
that should be present x 100). Visual assessment methods are often highly subjective and 
because there is often bias present among raters in the way that different disease levels are 
perceived, the accuracy and precision of disease intensity assessments obtained visually may 
be in question (27, 72, 83, 96, 110). External factors such as lesion size, lesion number, time 
of day (light intensity), and fatigue, can all affect the accuracy and precision of visual disease 
assessments performed by raters (53, 72, 76, 78, 96). Serious questions have been raised 
concerning the use of assessment data with unknown accuracy and precision to model 
disease-yield (loss) relationships (53, 72, 76, 78, 83, 87, 96, 110). 
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Remote sensing is an alternative method that can be used to assess the effects of 
disease on crop health. Remote sensing is defined as the acquisition of measurements from a 
sampling unit by instruments without physical contact between the measuring device and the 
sampling unit (72, 76). A major advantage of remote sensing is that plant canopies (sampling 
units) can be repeatedly analyzed both nondestructively and noninvasively (64, 72). Hand­
held, multispectral radiometers are one of the most common types of remote sensing 
instruments being used in plant pathology. These instruments indirectly assess the amount of 
disease injury in crops by measuring the reduction in healthy green leaf area caused by plant 
pathogens (72, 76). The biotic stress caused by plant pathogens can cause many changes in 
plant canopies, such as leaf and stem lesions, leaf blight, yellowing, premature defoliation, 
wilting, stunting, and premature senescence (76, 77). While many of these responses are 
difficult to visually quantify with acceptable levels of accuracy, precision, and speed, plant 
responses to plant pathogen stress can also affect the amount and quality of electromagnetic 
radiation reflected and emitted from plant canopies (72, 76, 77). Thus, remote sensing 
instruments that measure and record changes in electromagnetic radiation may provide a 
better means to objectively quantify disease injury (stress) (75, 78, 80). 
The potential disadvantages of remote sensing include the possibility that reflectance 
values may be affected by nondisease (environmental) factors, such as changes in the amount 
of incident radiation, diurnal changes in sun angle, different sensor heights, presence, 
absence and amount of leaf wetness, and changes in wind velocity (1, 35, 36, 50, 57, 58, 63, 
66, 90, 92). To date, the effects of sun angle, incident radiation, sensor height, and leaf 
wetness on the percentage of sunlight reflected from alfalfa canopies using a hand-held, 
multispectral radiometer have not been investigated. Thus, research is needed to determine 
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the optimum environmental conditions necessary to obtain remotely-sensed data from alfalfa 
canopies that will have the highest possible accuracy, precision, and speed. 
In phytopathometry, accuracy is defined as a measure of the closeness of disease 
assessments to the true values (14, 85). Precision can be generally defined as a measure of 
the reliability and repeatability of disease assessments performed by one or more raters (83, 
85). Reliability can be operationally defined as a measure of the consistency of disease 
assessments performed by two or more raters (inter-rater reliability), and repeatability can be 
defined as a measure of the relationship between initial and repeated disease assessments 
performed on the same sampling units by a single individual or instrument (intra-rater 
repeatability) (83, 85). Sherwood et al. (1987) found that in the orchardgrass-Stagonospora 
leaf spot pathosystem, variation among raters was highly significant and that there was also a 
significant rater x severity interaction (96). Forbes and Jeger (1987) also reported that rater 
effects as well as rater x disease severity interactions were both highly significant (27). Intra-
rater repeatability was quantified by Nutter et al. (1993) in the dollar spot/bentgrass 
pathosystem (78). They found that there were significant differences with some raters when 
the same sampling units were assessed twice (intra-rater repeatability). No studies have been 
conducted to compare the intra-rater repeatability and inter-rater reliability of remote sensing 
versus visual disease assessment methods in the alfalfa-foliar disease complex pathosystem. 
Since remote assessing assessments are believed to be more objective than visual disease 
assessment methods, it is hypothesized that remote sensing assessments will have higher 
inter-rater reliabilities and higher intra-rater repeatabilities compared to visual disease 
assessment methods. 
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Yield models based on visual and remote sensing assessments 
Since most alfalfa foliar pathogens are polycyclic in nature, the logistic model 
dy/dt = ry{l-y) adequately describes disease progress in most alfalfa crops. For this equation, 
y represents the proportion of diseased host tissue, 1-y is the proportion of the healthy 
(nondiseased) tissue, and r is the estimated apparent rate of disease progress (14, 79). Visual 
disease assessment methods provide estimates of y, expressed as a proportion of the total 
amount of plant tissue present at the time of disease assessment, while remote sensing 
instruments provide estimates of 1-y in absolute units of biomass (e.g., kg dry weight, green 
leaf area index, etc.) rather than in proportional units. Remote sensing measurements often 
have a strong relationship with biomass (3, 4, 70, 75, 79, 80, 81). It is hypothesized that 
reflectance measurements from alfalfa canopies will also have a better relationship with yield 
and green leaf area index (GLAI) than visual (proportional) estimates of disease (y). If this 
hypothesis is true, then regression models based on remote sensing measurements should 
estimate yield and GLAI with greater precision (smaller standard errors of the estimate for y 
and higher coefficients of determination) compared to models based on visual disease 
assessments. 
There are three types of empirical yield models that have been proposed to quantify 
the relationships between disease intensity measurements and biomass (yield or GLAI) (14, 
77, 101). These are single (critical) point models, multiple point models, and area under the 
curve (AUG) models. Single point models relate disease intensity (or reflectance) 
assessments performed at one specific time during the growing season (or for a specific 
growth stage of the host) with measures of biomass (yield or GLAI). Multiple point models 
relate disease intensity (or reflectance) assessments performed two or more times over the 
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course of the growing season with biomass (yield or GLAI). Since it is difficult to find 
rational and biological explanations using multiple point models, these are rarely used by 
plant pathologists (14, 77). Area under the curve models relate the areas under the disease 
progress (or reflectance) curves with biomass (yield or GLAI). Although many studies have 
been conducted to quantify disease intensity-yield loss relationships in alfalfa, no research 
has been conducted to compare the precision of single point and AUC models to predict 
alfalfa yield when using visual disease assessments versus remote sensing assessments as the 
independent (predictive) variable (10-13, 34). 
Research objectives 
The objectives of this research were to: 
1. Determine the optimum environmental conditions to record the percentage of 
sunlight reflected from alfalfa canopies. 
2. Compare the intra-rater repeatabilities and inter-rater reliabilities of visual versus 
remote sensing assessment methods. 
3. Compare yield response models based upon visual disease assessments versus 
remote sensing assessments. 
4. Quantify the relationships between percentage defoliation, dry weight, 
percentage reflectance, and green leaf area index (dry weight) in the alfalfa 
foliar diseases pathosystem. 
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Dissertation Organization 
This dissertation consists of six chapters. There are two sections in the first chapter; 
the first section is a general introduction where the research problems and objectives are 
discussed. The second section is an extensive literature review where previous research 
concerning alfalfa diseases, disease assessment methods, and remote sensing methods are 
presented. Chapters 2 through 5 are in the form of journal papers. The second chapter 
addresses the effects of environmental factors (incident radiation, sun angle, leaf wetness, 
and sensor height) on remote sensing assessments. This new quantitative information was 
used to recommend a new assessment protocol that should improve the accuracy and the 
precision of remote sensing assessments. The third chapter quantifies and compares the 
inter-rater reliabilities and intra-rater repeatabilities of visual disease versus remote sensing 
assessment methods. The fourth chapter presents a comparison or single point and area 
under the curve (AUC) yield models using visual disease or remote sensing assessments as 
the independent variable. The fifth chapter quantifies the relationships between percentage 
defoliation, dry weight, percentage reflectance, and green leaf area index. The sixth chapter 
summarizes and discusses the implications of the research results achieved in this project. 
Literature Review 
Alfalfa diseases and yield losses 
Alfalfa diseases. Fungi, bacteria, nematodes, viruses, and phytoplasmas can all cause 
disease in alfalfa. Alfalfa pathogens and the diseases they cause are summarized by 
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Stuteville and Envin (1990) in the publication "Compendium of Alfalfa Diseases" (99); they 
are also summarized in the chapter on "Diseases and Nematodes" in the 1988 book "Alfalfa 
and Alfalfa Improvement" (40). 
Bacterial diseases of alfalfa. Bacteria cause a wide range of diseases in alfalfa, 
including leaf spots caused by Xanthomonas campestris pv. alfalfae (Riker et al.) Dye, 
bacterial sprout rot caused by Envinia chrysanthemi pv. chrysanthemi Burkholder et al., 
bacterial stem blight caused by Psendomonas syringae pv. syringae van Hall, bacterial wilt 
caused by Clavibacter michiganense subsp. insidiosum (McCull.) Davis et al., crown gall 
caused by Agrobacteriuni tumefaciens (Smith & Townsend) Conn, and bacterial dwarf 
caused by Xylella fastidiosa Wells et al. (39, 40, 99). 
Fungal diseases of alfalfa. Fungi are, by far, the largest group of organisms causing 
disease in alfalfa. The occurrence and severity of specific diseases greatly depend on 
temperature and moisture conditions (99). Diseases of alfalfa caused by fungi include: seed 
rots, seedling blights, galls, leaf spots, stem lesions, vascular wilts, crown rots, and root rots. 
Fungal diseases that principally occur on seeds and seedlings are: Aphanomyces root rot 
{Aphanomyces euteiches Drechs), Pythium seed rot {Pythium ultimiim Trow, P. irregidare 
Buisman. and P. splendens H. Braun), Rhizopus sprout rot {Rhizopus stolonifer). Fungal 
diseases attacking mainly leaves and stems are: spring black stem and leaf spot {Phoma 
inedicaginis Malbr. & Roum. var. medicaginis Boerema), summer black stem and leaf spot 
{Cercospora medicaginis Ellis «& Everh.), common leaf spot {Pseiidopeziza medicaginis 
(Lib.) Sacc.), Leptosphaerulina leaf spot {Leptosphaendina briosiana (Pollacci) J. H. 
Graham & Luttrell), downy mildew {Peronospora trifolionim de Bary), rust {Uromyces 
striatus J. Schrot), Stemphylium leaf spot (Stemphylium spp.), and yellow leaf blotch 
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{Leptotrochila medicaginis (Fuckel) H. Schuepp.). Fungal diseases that often attack the 
lower stems and crown include anthracnose caused by Colletoirichiim thfolii Bain. & Essary 
(C destructivum and C dematiiim are other two Colletotrichum species that can cause minor 
damage to alfalfa), crown wart caused by Physoderma alfalfae (Pat. & Lagerh.) Karling, 
Rhizoctonia disease caused by R. solani, Sclerotinia crown and stem rot caused by 
Sclerotinia spp., southern leaf blight caused by Sclerotium rolfsii Sacc., Phytophthora root rot 
caused by Phytophthora megasperma Drechs. f. sp. medicaginis T. Kuan & D. C. Erwin, and 
Verticillium wilt caused by Verticillium albo-atnim Reinke & Berthier (39, 40, 99). 
Phytoplasma, oematode, and virus diseases of alfalfa. Phytoplasmas, nematodes, 
and viruses that can cause alfalfa diseases include: phytoplasmas (witch's bloom), nematodes 
(Pratylenchus penetrans (Cobb.) Filipjev & Schuurmans Stekhoven, Ditylenchiis dipsaci 
(Kuhn) Filipjev, Meloidogyne spp.), and viruses (alfalfa mosaic, alfalfa enation, bean leaf 
roll, pea streak, lucerne transient streak, red clover vein mosaic viruses) (39, 40, 99). 
Alfalfa disorders caused by abiotic factors. Abiotic factors, such as extreme 
fluctuations in water availability (flooding and drought), extreme temperatures (freezing and 
heat stress), nutrient deficiencies, pesticide and nutrient toxicities, and air pollutants can 
cause alfalfa disorders (33, 40). 
Yield losses caused by alfalfa diseases. Alfalfa diseases can cause tremendous yield 
losses in alfalfa. It has been estimated that about one-fourth of the U.S alfalfa hay crop and 
one-tenth of the alfalfa seed crop are lost annually to diseases (33, 40). Foliar diseases, in 
particular, cause significant yield losses annually. Campbell and Duthie (13) reported that 
alfalfa yield losses caused by foliar diseases ranged from 5.3 to 37.2% per cutting in North 
Carolina. In Illinois, yield losses caused by foliar diseases were estimated to be as high as 
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52% per cutting, with an average loss of 15% each year (10). In Iowa, Norton reported that 
alfalfa yield was reduced 44% annually by foliar diseases (74). Wilcoxson et al. (1973) 
reported that alfalfa yield was reduced 30% annually by foliar diseases in Minnesota (114). 
In California, Gilchrist et al. (1981) reported annual yield losses of 20 to 25% caused by 
foliar diseases (31). Matheron and Matejka (1987, 1988) reported that alfalfa yield was 
increased 7.5 to 13.0% annually in Arizona when alfalfa was treated with the fungicide 
chlorothalonil to control foliar diseases (61, 62). Lengkeek (1980) reported that alfalfa yield 
was increased by 7.4% per cutting when foliar diseases were controlled using the fiingicide 
mancozeb in Kansas (55). 
Prevalence of foliar diseases in the USA. Only the combination of three factors - a 
susceptible host population, a virulent pathogen population, and favorable environmental 
conditions for disease development, can lead to the occurrence of plant disease. 
Susceptibility of alfalfa varieties plays an important role in the development of foliar 
diseases. If alfalfa varieties are resistant to foliar diseases, even with the presence of a 
virulent pathogen population and favorable environmental conditions, no foliar diseases will 
develop. A virulent pathogen population is also critical to the development of foliar diseases. 
Without the presence of a virulent pathogen population, no disease will develop. Favorable 
environment conditions are essential for foliar diseases to develop when a susceptible alfalfa 
variety and a virulent pathogen population are present. Environmental conditions, such as 
temperature and humidity, vary with geographical regions as well as within growing seasons. 
Thus, the prevalence of alfalfa foliar diseases, such as spring black stem and leaf spot, 
summer black stem and leaf spot, common leaf spot, and Leptosphaerulina leaf spot, etc.. 
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varies within and among different geographical regions as well as within different growing 
seasons. Foliar diseases of alfalfa often occur simultaneously (i.e., foliar disease complex). 
Studies regarding the prevalence of alfalfa diseases have been conducted in several 
states in the USA (10, 13, 34, 94). In a two-year, four-location study that monitored the 
frequency of foliar pathogens in Iowa, ten fungal pathogens {Cercospora medicaginis, 
Colletotrichum dematium, Colletotrichum trifolii, Leptosphaendina trifolli, Leptotrochila 
medicaginis. Phonia medicaginis. Pseiidopezzia medicaginis. stagonospora meliloti. 
Stemphyiiiim botryosum. and Uromyces striatus), and one bacterial pathogen {Xanthomonas 
campestris) were identified (94). Out of these, Phoma medicaginis. Leptosphaendina 
trifolli. Pseiidopezzia medicaginis. and Cercospora medicaginis were reported to be the most 
prevalent (94). 
Over a three year period. Gray (1983) reported that common leaf spot {Pseiidopezzia 
medicaginis), downy mildew {Peronospora trifolionim), spring black stem {Phoma 
medicaginis), and yellow leaf blotch {Leptotrochila medicaginis) were the diseases most 
often detected in nurseries of standard cultivars in Wyoming (34). The first three diseases 
occurred at all irrigated sites, and yellow leaf blotch occurred only at dry land sites. Diseases 
detected in nurseries were the same as those found in surrounding commercial fields of 
alfalfa. 
Campbell and Duthie (1990) reported that the leaf spot disease complex in North 
Carolina alfalfa fields consisted primarily of Leptosphaendina briosiana. Stemphyiiiim 
botryosum. Phoma medicaginis, and Cercospora medicaginis (13). Broscious and FCirby 
(1988) found that Colletotrichum dematium, Colletotrichum destnictivum, Leptosphaendina 
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bhosiana, Phoma medicaginis var. medicaginis, and Stemphylium botryosum were the most 
prevalent fungal pathogens in Illinois (10) 
Alfalfa diseases can be managed by employing an integrated pest management 
program that employs all the available disease management tactics to minimize the adverse 
effect of alfalfa diseases on alfalfa yield and quality. Several alfalfa diseases, such as 
bacterial wilt, Verticillium wilt, Anthracnose, and Phytophthora root rot, can be controlled 
successfully by using resistant varieties (40, 99). However, for most alfalfa diseases, 
especially foliar diseases, there are no resistant varieties currently available to successfully 
control them. Cultural and management practices, such as establishing a very healthy stand, 
controlling weeds during the seeding year, timely harvest, proper fertilization, planting 
rhizobia-treated seeds and adjusting the pH of soil (6.5 to 8.0), are currently used to help 
manage diseases, yet tremendous losses in yield and quality continue to occur (39, 40, 99). 
Methods to assess disease 
Disease assessment is the process of quantitatively measuring disease intensity in a 
host population (77, 83). Reliable, precise, fast, and inexpensive disease assessment methods 
are necessary to properly evaluate disease management strategies, to quantify and model 
yield losses, to predict future disease levels, and to help farmers make more cost-effective 
disease management decisions (8, 14, 30, 69, 76, 85). 
Visual disease assessment. Visual disease assessment is defined as using the human 
eye and brain to assess disease intensity. Visual disease assessment methods include: (i) 
disease incidence (the number of diseased leaves divided by the total number of leaves 
assessed x 100), (ii) disease severity (the diseased leaf area divided by the total leaf area x 
100), and (iii) percentage defoliation (the number of defoliated leaves divided by the total 
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number of leaves that should be present x 100). Visual assessment methods are often highly 
subjective and rater bias may be present because of the way that different disease levels are 
perceived by different raters. Thus, the accuracy and precision of visual disease intensity 
assessments may be in question (27, 72, 83, 96, 110). External factors, such as lesion size, 
lesion number, lesion color, light intensity, and fatigue, can each potentially affect the 
accuracy and precision of visual disease assessments (53, 72, 76, 78, 96). Serious questions 
have been raised concerning the use of assessment data with unknown levels of accuracy and 
precision when such data are used to model disease-yield loss relationships (53, 72, 76, 78, 
83, 87, 96, 110). It has been reported that the accuracy and precision of disease assessments 
can be significantly improved after training raters using computerized disease assessment 
training programs, such as Alfalfa.Pro and Disease.Pro (82, 86). Nearly 90% of the raters 
significantly improved their ability to assess disease severity following a one-hour training 
session (82, 83, 86). 
Remote sensing. Remote sensing has been utilized from four platform levels 
(altitudes) above crop canopies to detect and quantify the amount of plant stress caused by 
plant pathogens in plant populations (canopies) (14). The first platform level is within 
several meters above the crop canopy using hand-held instruments. The next platform level 
is 10 to 100 m above crop canopies using balloons. Remote sensing instruments mounted on 
aircraft are used to obtain information from altitudes 75 to 1500 m above crop canopies. 
Finally, the highest platform level involves satellites orbiting 650 to 850 km above the earth. 
The electromagnetic spectrum used in remote sensing often involved ultraviolet radiation (10 
to 390 nm), visible radiation (390 to 710 nm), near-infrared radiation (710 to 1300 nm), mid-
infrared radiation (1300 to 2500 nm), thermal radiation (2.5 to 15 um), and microwave 
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radiation. Remote sensing data can be obtained and stored in different formats, such as 
photographs, videotapes, radiometry, and thermograph (14, 48, 72, 77). 
Relationships between biotic plant stresses and remote sensing assessments. 
Remote sensing assessments, such as the percentage of sunlight reflected from crop canopies, 
can provide an indirect measure of disease stress by detecting electromagnetic changes in 
plant canopies caused by plant diseases (17, 35, 42). Many studies have been conducted 
using remote sensing to detect and quantify biotic plant stresses, especially biotic stresses 
caused by plant diseases (35, 73, 75, 76, 80). Green et al. (1998) reported that reflectance 
within the 810 nm band explained up to 63% of the variation in visual disease severity 
assessments for Rhizoctonia blight (caused by Rhizoctonia solani) and gray leaf spot (caused 
by Magnaporthe grisea) in tall fescue canopies using a handheld, multispectral radiometer 
(35). Nilsson and Johnsson (1996) reported that percentage reflectance measurements from a 
handheld, multispectral radiometer had a significant relationship with disease incidence in 
barley infected with barley stripe disease (73). It has been reported that percentage 
reflectance measurements (800 nm) obtained from peanut canopies infected by late leaf spot 
(caused by Cercosporidium personatuni), had a significant relationship (R~ from 0.74 to 
0.96) with visual disease assessments (81). In a study using reflectance to measure disease 
gradients in the peanut (Arachis hypogaea)/pean\it rust pathosystem, percentage reflectance 
(independent variable) explained 94.6 to 96.5% of the variation in peanut rust disease 
severity gradients (75). In the peanut/late leaf spot pathosystem, percentage reflectance (800 
nm) explained 82 to 96% of the variation in percentage defoliation of peanut plants (80). 
Relationships between abiotic plant stresses and remote sensing assessments. 
Many studies have been conducted using remote sensing to quantify abiotic plant stresses 
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(15, 16, 25, 26, 29, 41, 44, 46, 47, 49, 59, 60, 65, 67, 68, 89, 91). Water stress is one of the 
most common abiotic stresses. Because crop canopies under water stress have a higher leaf 
temperature than nonstressed crop canopies, indices based on infrared-temperature 
measurements have been used to quantify plant water stress. Four different indices have 
been used to quantify the relationship between water stress and remote sensing assessments 
(15, 16, 25, 29, 41, 44, 46-49, 60, 65, 89). These four indices are: (i) the stress-degree-day 
(SDD) index, which is defined as the difference between canopy and air temperatures 
measured near the time of maximum daytime temperature, (ii) the canopy-temperature-
variability (CTV) index, which is defined as the variability of temperatures encountered in a 
field during a defined time period, (iii) the temperature-stress-day (TSD) index, which is 
defined as the difference in canopy temperatures between stressed and nonstressed plant 
canopies, and (iv) the crop-water stress index (CWSI), which includes one or more 
meteorological parameters in relating canopy air temperatures to measurements of water 
stress. 
Salinity stress is an abiotic stress that is frequently associated with specific irrigation 
practices (48). Early detection of salinity stress may help to prevent significant crop damage. 
In a study conducted by Myers et al. (1963) relating soil salinity to cotton leaf reflectance, it 
was suggested that photo-interpretation procedures could serve to delineate high-saline and 
water-table areas on a wide geographic scale (68). Meyer et al. (1966) also reported that 
canopy air temperatures increased with increases in soil salinity (67). Brightness index, the 
summation of pixel counts at three wavelength bands (XS-1, XS-2 and XS-3) obtained from 
SPOT satellite images, was shown to be one of the more useful indicators of soil salinity 
(91). Sharma and Bhargava (1988) showed that multispectral scanner imagery obtained by 
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Landsat 5 could be used to map the distribution of high-saline, waterlogged soils (95). Using 
multispectral digital data obtained from Landsat 5, it was possible to delineate different 
categories of saline-affected soils from normal soils, forests, water bodies, gullies, and 
ravines (97). 
Nutrients deficiencies can also be detected using remote sensing. Field experiments 
showed that reflectance in the red and near-infrared regions decreases with a reduction in the 
rate of nitrogen fertilizer (108). It was also demonstrated that the near-infrared to red ratio 
was related to the amount of nitrogen applied to com, sugarcane, and barley (49, 71, 108). 
Significant relationships between reflectance (550, 680, and 780 nm) and chlorophyll content 
in wheat indicated that remote sensing could be used to quantify the nitrogen status of crops 
(26). A nitrogen reflectance index was developed using ground-based canopy reflectance 
measurements obtained from com canopies (7). In a study conducted by Ma et al. (1996) to 
determine if canopy reflectance can be used to measure changes in com yield response to 
nitrogen fertilizer, it was found that reflectance measurements prior to anthesis could predict 
com yield response and could provide within-season indications of nitrogen deficiencies 
(59). 
Factors affecting remote sensing assessments 
Hand-held, multispectral radiometers are one of the most common types of remote 
sensing instmments used in plant pathology to detect and quantify disease stress (injury) in 
crops (1,4, 14, 35, 50, 72, 75, 78, 79-81). Several studies have demonstrated that remotely-
sensed disease stress assessments are more precise (higher intra-rater repeatabilities and 
inter-rater reliabilities) than visual disease assessment methods (78, 83). One of the potential 
disadvantages of utilizing remote sensing instmments is that reflectance from crop canopies 
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may be affected by factors other than disease stress, such as the amount of incident radiation, 
differences in sun angle, presence, absence and amount of leaf wetness, wind velocity, and 
different sensor heights (1, 35, 36, 50, 58, 63, 66, 90, 92). 
Very few studies have been conducted to quantify the effects of incident radiation on 
the quality and quantity of sunlight reflected from plant canopies. Jackson et al. (50) 
reported that reflectance measurements obtained from sugarcane canopies changed 
significantly in the infrared and red wavelength bands with changes of cloud cover. Green et 
al. (35) also reported that failure to account for cloud cover increased the variability in 
canopy reflectance in a study where canopy reflectance was used to measure disease stress 
(injury) in tall fescue. Adcock et al. (1990) also reported that cloud cover increased the 
variability in canopy reflectance in a study to quantify herbicide injury in soybean (1). 
Several studies have been conducted to determine the effects of different sun angles 
on canopy reflectance. Ranson et al. (1986) found that sun angle significantly affected the 
normalized difference vegetation index (NDVI) from simulated balsam fir canopies with a 
snow background (92). NDVI is the difference between near-infrared and red reflectance, 
divided by the sum of these two measurements. Gross et al. (1988) found that reflectance 
from gramineous canopies was highly dependent on sun angle, whereas reflected radiation 
from broadleaf canopies was not affected by sun angle (36). For tallgrass prairie canopies, 
Middleton (1991) found that sun angle had a significant effect on canopy reflectance and 
suggested a standard sun angle greater than 45° be used as opposed to the traditional "high 
sun period" recommendation. High sun measurements are defined as those obtained close to 
local solar noon during summer (63). Lord et al. (1988) studied the effect of sun angle on 
reflectance in the red and near-infrared regions from five different types of crop canopies. 
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They found that changes in sun angle had a greater effect on reflectance in the red region 
than in the near-infrared region of the electromagnetic spectrum (58). They also found that 
reflectance was insensitive to changes in sun angle when canopy leaf area indices (LAI) for 
com and sunflower were greater than 6.0, but sun angle had a significant effect on 
reflectance when LAI was about 4.0. 
Using two different radiometers (an Exotech Model 100-A radiometer and a Barnes 
multispectral radiometer), Pinter (1986) found that the intensity of dew on leaves influenced 
the amount and spectral quality of sunlight reflected from wheat canopies (90). Reflectance 
increased 40-60% in the visible wavelengths when dew levels were high, but intensity of dew 
had no effect on reflectance in the near-infrared (700 to 1100 nm) region. 
Numerous sensor heights have been used in remote sensing experiments (1,3, 59, 65, 
73, 81, 102). In a study conducted by Ajai et al. (1983) to investigate the relationship 
between reflectance and leaf area index, chlorophyll content, and biomass of chickpea {Cicer 
arietiniim), a sensor height of approximately 1.8 m above the plant canopy was used (3). Ma 
et al. (1996) used a sensor height of 2.6 m above the soil to study the relationship between 
reflectance measurements and com yield response to nitrogen fertility levels (59). The 
sensor height was 2.0 m above ground in a study conducted by Trenholm et al. (1999) to 
determine whether reflectance can be used to estimate turfgrass color, density, and 
uniformity (102). The sensor height was approximately 1.0 m above crop canopy in a study 
conducted by Mogensen et al. (1996) to determine if spectral reflectance could be used as an 
indicator of drought stress in field-grown oilseed (Brassica napus) (65). Nilsson and 
Johnsson (1996) used a sensor height of 2.12 m above ground to obtain percentage 
reflectance measurements using a multispectral radiometer to assess barley canopies infected 
with barley stripe disease (73). In a study conducted by Nutter et al. (1990), a hand-held, 
multispectral radiometer (2 m sensor height) was used to evaluate the efficacy of different 
fungicides to control late leaf spot of peanut (81). 
Lord et al. (1985) studied the effects of wind velocity on reflectance from wheat, 
barley, and alfalfa canopies. They found that wind velocity had a negligible effect on 
reflectance from short alfalfa canopies, while it had a significant effect on reflectance from 
canopies with a higher vertical structure, particularly during gusty wind conditions. For 
windy versus calm conditions in barley, values of spectral reflectance at 647 and 675 nm (red 
spectrum) differed by 60% and 12%, respectively. In the near-infrared (739 and 790 nm) 
wavelengths, reflectance during windy conditions varied by up to 40% compared to just 8% 
during calm conditions (57). 
Accuracy and precision comparison of different disease assessment metiiods 
Definition of accuracy and precision. Accuracy is defined as the closeness of a 
sample estimate to the true value of the quantity of disease being assessed (14). It is hard to 
test the accuracy of disease assessment estimates because the truth is difficult to obtain. 
Precision can be generally defined as a measure of the repeatability and reliability of disease 
assessments performed by one or more raters (83, 85). Repeatability can be defined as a 
measure of the relationship between initial and repeated assessments performed on the same 
sampling units as estimated by the same individual or instrument (intra-rater repeatability), 
and reliability can be operationally defined as the measure of consistency of disease 
assessments among raters (inter-rater reliability) (83, 85). Linear regression is a very 
powerful tool to quantify both intra-rater repeatability and inter-rater reliability. Intra-rater 
repeatability is quantified by regressing an initial set of assessments against a repeated set of 
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assessments performed on the same sampling units. Inter-rater reliability can be quantified 
by regressing the disease assessments performed by one rater against the assessments 
performed by other raters for the same sampling units. The slope, intercept, coefficient of 
determination (R~), coefficient of variation (CV), and the standard error of the estimate for y 
(SEEy), can all be used to quantify and compare the intra-rater repeatabilities and inter-rater 
reliabilities of assessment methods and/or raters (83). The slope is an indicator of systematic 
bias and the intercept is an indicator of constant bias. A slope significantly different from 
1.0 indicates the presence of systematic bias and an intercept significantly different from 
zero indicates the presence of constant bias (78, 83). Higher R" values indicate that more of 
the variation in the first set of assessments could be explained by a second set of 
assessments. Therefore, the higher the R~ values, the higher the level of precision. For 
SEEy and CV values, the higher the SEEy and CV values, the lower the precision (78, 83). 
Very few studies have been conducted to quantify the intra-rater repeatability and 
inter-rater reliability when assessments are performed for different pathosystems. Intra-rater 
repeatabilities and inter-rater reliabilities in the dollar spot/bentgrass pathosystem were 
quantified by Nutter et al. (1993) (78). They found that intra-rater repeatabilities and inter-
rater reliabilities were higher in the 600-nm wavelength band (radiometric method) than the 
visual disease severity assessment method, indicating that radiometric assessments provided 
more precise information concerning dollar spot severity than visual disease estimates. 
Yield models based on disease intensity assessments 
A model is defined as a simplified representation of reality (14). Teng (1985) 
classified empirical yield loss models that could be used to quantify the relationships between 
disease intensity measurements and yield loss into six classes: (i) single-point (critical point) 
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models, (ii) multiple-point models, (iii) integral models (or area under the curve (AUC) 
models), (iv) surface response models, (v) generalized or nonlinear models, and (vi) synoptic 
models (101). Single point models relate disease intensity assessed at one specific time 
during the growing season (or at a specific growth stage of the host) with yield (or yield 
loss). Area under the curve models relate the areas under the disease progress (or 
reflectance) curves with yield (or yield loss). The most frequently used empirical yield 
models are the critical-point and AUC models. These models are popular because the 
biological meaning of these two models is easy to interpret (14, 77, 101). Multiple point 
models relate disease intensity measurements assessed at several times during the growing 
season to yield (or yield loss), however, it is difficult to find rational and biological 
explanations for multiple point models, therefore, these models are not widely used in plant 
pathology studies (14, 77). 
Yield models based on visual disease assessment. Numerous studies have been 
conducted to quantify the relationships between disease intensity and yield using single-point 
and AUC models (10, 21, 56). Regression models relating disease severity, defoliation, and 
area under the disease progress curve values to alfalfa yield were developed by Broscious 
and Kirby (1988) to quantify alfalfa yield losses caused by a complex of alfalfa foliar 
diseases (10). They found that both critical point models (disease severity and defoliation 
were used as independent variable), and AUC (area under the disease progress curve) models 
had statistically significant negative relationships with yield. These models could explain 52 
to 60% of the variation in yield. In a study conducted by Lipps and Madden (1989) to 
determine the effect of powdery mildew on yield of different wheat cultivars, they found that 
single point models based on powdery mildew disease severity assessed at GS 10.3 stage 
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explained nearly as much of the variation in wheat yield as AUC models (56). For the 
soybean/soybean rust {Phakopsora pachyrhizi) pathosystem, Yang et al. (1990) found that 
standardized (by planting date) area under the disease progress curve explained 46 to 58% of 
the variation in soybean yield (115). In a study conducted by Edema and Adipala (1995) to 
quantify the relationships between brown rust {Uromyces vigtiae) and false rust (Sync/iytrium 
dolichi) disease severities with cowpea yield, yield models based on area under the disease 
severity progress curve explained 14% more of the variation in yield than critical point yield 
models (21). 
Relating remote sensing measurements to yield and green leaf area index 
(GL AI). Green leaf area index (GLAI) is defined as the area of green leaf per unit ground 
area and is a commonly used measure of vegetative growth and development (9). Growth 
and duration of green leaf area index of a crop determines the amount of incident solar 
radiation that is intercepted by the crop canopy, thereby influencing canopy photosynthesis, 
photosynthate translocation, and final yield (20). Green leaf area index is frequently used as 
the independent variable in yield estimation models (4, 112). However, extensive destructive 
sampling is usually required to achieve accurate estimates of GLAI (9). Remote sensing is a 
promising technique that has the potential to nondestructively estimate GLAI (4, 14, 72, 76, 
78). Numerous studies have been conducted to demonstrate the relationships between remote 
sensing assessments and the GLAI of crops (2, 3, 4, 9, 37, 43, 52, 108). 
Yield or biomass of plants is basically determined by the integral of photosynthetic 
green leaf area over time (107). Even though respiration, absorption of nutrients fi-om soil, 
and photosynthesis of plant parts other than leaves may also contribute to plant biomass and 
yield, it is not surprising that yield is very closely related to GLAI (23, 107, 109). Thus, 
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remote sensing assessments that can nondestructively estimate GLAI should also have a 
strong relationship with yield. 
Tucker et al. (1981) investigated the relationship between remote sensing and dry 
matter accumulation in winter wheat. They found that reflectance in the near-infrared region 
(775-825 nm) explained up to 91% of the variation in wheat dry matter (105). For chickpeas, 
it was found that percentage reflectance in the near-infi-ared region (815-835 run) explained 
81 % of the variation in biomass (3). In a study conducted by Nutter (1989) to detect and 
measure plant disease gradients in peanut using a handheld, multispectral radiometer, linear 
regression yield models based on percentage reflectance in 800 nm wavelength band 
explained 98% of the variation in peanut yield (75). In another study, Nutter et al. (1990) 
used a hand-held, multispectral radiometer to quantify and compare the efficacy of 
fungicides in controlling late leaf spot in peanut. Percentage reflectance values in 800 nm 
wavelength band were found to explain more of the variation in yield than models based on 
visual disease assessments (76). Nilsson (1991) also reported there were significant 
relationships between percentage reflectance values in specific narrow wavelength bands and 
biomass. He found that reflectance in the 800 run wavelength band explained 92% of the 
variation in wheat yield (70). Nutter and Littrell (1996) reported that critical point models 
based on percentage reflectance values in 800 run wavelength band could explain 96 to 99% 
of the variation in peanut yield and that percentage reflectance measurements integrated over 
time could be used to estimate the effects of disease stress on yield (80). 
Several studies have been conducted to estimate leaf area index using individual 
wavelength bands (reflectance) as the independent variable (3, 4, 9, 37, 43). These studies 
have demonstrated that reflectance values in the near-infi-ared (NIR) (720 -850 nm) region 
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have a significant linear relationship with leaf area index. Almihanna (4) found that 
percentage reflectance in 800 run wavelength band explained 96% of the variation in green 
leaf area index in the peanut-late leafspot pathosystem. In a study using reflectance values to 
estimate the leaf area index of oat. Best and Harlan (1985) found that reflectance from oat 
canopies accounted for 65 to 73% of the variation in green leaf area index (9). Ajai (1983) 
reported that percentage reflectance in the near-infrared region (815-825 nm) explained 62% 
of the variation in chickpea leaf area index (3). In a study conducted by Haverkort et al. 
(1991), it was found that reflectance from potato crop canopies obtained in the near-infrared 
region (836-846 nm) explained 98% of the variation in potato leaf area index (43). 
Very few studies have been conducted to compare yield prediction models based on 
visual disease assessments versus remote sensing assessments (80). In a study conducted by 
Nutter and Littrell (1996) in the peanut-late leafspot pathosystem, higher coefficients of 
determinations (R") and lower standard errors of the estimate for y (SEEy) were achieved 
when critical-point models were based upon percentage reflectance values as opposed to 
visual percentage defoliation assessments (80). They also found that AUC models based on 
percentage reflectance explained approximately 6% more of the variation in peanut yield 
than critical point reflectance-yield models. 
Vegetation indices. In addition to the reflectance values in individual wavelength 
bands, many vegetation indices which reduce the reflectance values from several broad 
wavelength bands to a single number (index) have been derived to estimate biomass, leaf 
area index, and disease intensity (32, 35, 88, 103, 113, 116, 117). Vegetation indices are 
derived from linear combinations of reflectance values from different wavelength bands 
(113). The most frequently used vegetation indices are: (i) the vegetation index (VI), which 
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is calculated as the NTR (near-infrared)/R (red) ratio, (ii) the normalized difference 
vegetation index (NDVI), which is (NTR - R)/(NIR + R), (iii) the transformed normalized 
difference vegetation index (TVT), which is expressed as ((NTR - R)/(NIR + R) + 0.5)' ", (iv) 
the perpendicular vegetation index (PVI), which is defined as (NTR - aR -b)/ sqrt (1 + a"), 
where the a and b are parameters related to soil background, and (v) the difference vegetation 
index (DVT), which is defined as the difference between NTR and R reflectance (22, 45, 93, 
103, 104, 116). 
Many studies have been conducted to demonstrate the relationship of these vegetation 
indices to yield, LAI, and disease intensity (5, 18, 19, 28, 35, 51, 70, 106, 113). Jordan 
(1969) was the first to report the use of a vegetation index to estimate leaf area index for 
tropical rain forest canopies (51). The vegetation index used by Joidaii was the NTR (800 
nm)/R (675 nm) ratio. Colwell (1974) concluded that IR/R ratio was the most effective to 
estimate biomass in a study on grass canopies (18). Wiegand et al. (1978) reported that VI 
and NDVI indices explained 70% and 95% of the variation in winter wheat leaf area index, 
respectively (111). In a study conducted by Tucker (1979), IR/R ratio (VI), square root of 
the IR/R ratio (VI), the IR and R difference, NDVI and TVI were all used to estimate blue 
Grama grass biomass (103). He found that up to 94% of the variation in total biomass (fi-esh 
weight) was explained by these indices. Wiegand et al. (1991) reported that VI and NDVI 
accounted for 67 to 76% of the variation in lint yield. In a study conducted by Nilsson 
(1991), the NIR/R ratio (VI) explained 90 to 94% of the variation in wheat yield (113). 
Green et al. (1998) reported that VI explained more than 60% of the variation in Rhizoctonia 
blight and gray leaf spot disease severity in tall fescue (35). Fassnacht et al. (1997) reported 
that vegetation indices derived from Landsat Thematic Mapper images had significant 
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relationships with LAI (R" ranged from 0.69 to 0.71) in a study conducted to estimate leaf 
area index of North Central Wisconsin forests (24). Therefore, remote sensing assessments 
may be used to nondestructively estimate GLAI in alfalfa. 
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CHAPTER 2. FACTORS AFFECTING THE QUALITY AND QUANTITY OF 
SUNLIGHT REFLECTED FROM ALFALFA CANOPIES 
A paper to be submitted to Plant Disease 
J. Guan and F. W. Nutter, Jr. 
Abstract 
Experiments were conducted from 1997 to 2000 in Ames and Nashua, lA, to quantify 
the effects of incident radiation, sun angle, leaf wetness, and sensor height on the quality and 
quantity of sunlight reflected from alfalfa canopies using a hand-held, multispectral 
radiometer. Incident radiation had negligible effects on the percentage of sunlight reflected 
from alfalfa canopies in the visible wavelength bands (460 to 710 rmi) and significant 
negative effects on the percentage of sunlight reflected from alfalfa canopies in the near-
infrared wavelength bands (760 and 810 nm). Percentage reflectance values (810 nm) 
decreased 0.20 to 0.32% for each 100 watts/m~ increase in incident radiation. Percentage 
reflectance values in all wavelength bands obtained prior to 1100 hr and after 1500 hr were 
significantly higher than reflectance measurements obtained between 1100 hr and 1500 hr. 
Linear regression of reflectance measurements (y) versus time of day (x) for the period 1100 
to 1500 GST had slopes that were not significantly different from zero, indicating that sun 
angle during this period had no significant effect on the percentage of sunlight reflected from 
alfalfa canopies. The presence of moisture on leaves (leaf wetness) significantly increased 
percentage reflectance for all wavelength bands. Sensor height had variable effects on 
percentage reflectance in all wavelength bands. This variability was most likely due to 
changes in the heterogeneity of alfalfa canopies with increasing sensor height. Experiments 
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conducted using more homogenous canopies (oat and turfgrass) indicated that sensor height 
had no significant effect on the percentage of sunlight reflected from these canopies. To 
minimize the effects of all of the above nondisease factors on the percentage of sunlight 
reflected from crop canopies, we recommend that percentage reflectance measurements be 
obtained between 1100 and 1500 hr when plant canopies are dry, using a constant sensor 
height (sampling unit area) for all measurements. 
Introduction 
Accurate, precise, fast, and inexpensive disease assessment methods are necessary to 
evaluate disease management strategies, to quantify and model yield losses, to predict future 
disease risks, and to help farmers make more cost-efficient disease management decisions (6-
8, 21, 24, 25, 30). Remote sensing, defined as the acquisition of information from a sampling 
unit by instruments without physical contact between the measuring device and the sampling 
unit, may provide a means of quantifying plant disease stress that satisfies most, if not all, of 
the assessment criteria listed above (19, 22, 24, 25). An important potential advantage of 
using remote sensing to quantify disease stress is that plant canopies (sampling units) can be 
nondestructively and noninvasively assessed over time (19, 22). 
Plants may respond to disease stress in a number of ways, including leaf curling, 
stunting, wilting, chlorosis and/or necrosis of photosynthetic plant parts, as well as the 
shedding of plant parts (defoliation) (25). Although many of these responses are difficult to 
quantify using visual disease assessment methods (e.g., disease incidence, disease severity, 
percentage defoliation) with acceptable levels of accuracy, precision, and speed, these same 
plant responses often affect the quality and quantity of electromagnetic radiation reflected 
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from plant canopies (22, 24, 25). Thus, remote sensing instruments that measure and record 
changes in electromagnetic radiation reflected from plant canopies may provide a better 
means to objectively and nondestructively quantify disease stress (11, 27, 28). 
Hand-held, multispectral radiometers are one of the most common types of remote 
sensing instruments being used in plant pathology to quantify the amount of disease stress 
(injury) in crops. Reflectance measurements from plant canopies in the near-infrared region 
of the electromagnetic spectrum have been shown to have a good relationship to green leaf 
area index and yield in many crops (1, 2, 9, 13, 22, 23, 26-29). Studies have also been 
conducted to demonstrate that remote sensing measurements are more precise (higher intra-
rater repeatabilities and inter-rater reliabilities) than the more traditional, visual disease 
assessment methods (26). The potential disadvantage of utilizing remote sensing is that 
reflectance measurements obtained from crop canopies may potentially be affected by factors 
other than disease stress. These nondisease factors include the amount of incident radiation, 
sun angle, leaf wetness, and sensor height (1, 9, 10, 13, 16, 18, 20, 31, 33). 
Very few studies have been conducted to quantify the effects of incident radiation on 
the quality and quantity of sunlight reflected from plant canopies. Jackson et al. (13) 
reported that reflectance values obtained from sugarcane canopies changed significantly in 
the red and near-infrared wavelength bands with changes in cloud cover. Green et al. (9) 
reported that failure to account for cloud cover increased the variability of canopy reflectance 
in a study in which canopy reflectance was used to measure disease stress in tall fescue. 
Adcock et al. (1) also reported that cloud cover increased variability in canopy reflectance 
measurements in a study using a multispectral radiometer to measure herbicide injury in 
soybean. 
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Several studies have been conducted to determine the effects of sun angle on the 
quality and quantify of sunlight reflected from crop canopies (10, 16, 18, 33). Ranson et al. 
(33) found that sun angle significantly affected the normalized difference vegetation index 
(the difference of near-infrared and red reflectance divided by the sum of these 
measurements) from simulated balsam fir canopies with a snow background. Gross et al. 
(10) found that reflectance from gramineous canopies was highly dependent on sun angle, 
whereas reflection from broadleaf canopies was not affected by sun angle. For tallgrass 
prairie canopies, Middleton (18) found that sun angle had a significant effect on canopy 
reflectance and suggested that a standard sun angle (45°) be used for data acquisition as 
opposed to the traditional "high sun" period (measurements obtained close to local solar noon 
during the summer). Lord et al. (16) studied the effect of sun angle on reflectance in the red 
and near-infrared regions on five different types of crop canopies. They found that changes 
in sun angle had a greater effect on reflectance in the red region than on reflectance in the 
near-infrared region of the electromagnetic spectrum. They also reported that reflectance 
values were insensitive to changes in sun angle when canopy leaf area indices (LAI) for com 
and sunflower were greater than 6.0, but sun angle had a significant effect on reflectance 
when LAI was approximately 4.0. 
Using two different radiometers (an Exotech Model 100-A radiometer and a Barnes 
multiband radiometer. Model 12-1000), Pinter (31) found that the intensity of dew on leaves 
also influenced the quality and quantity of sunlight reflected from wheat canopies. In his 
study, reflectance values increased 40-60% in the visible wavelengths at high dew levels; 
however, dew intensity had no effect on reflectance in the near-infrared region (700 to 1100 
nm). 
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Different sensor heights have been used to assess disease stress in crops; however, no 
quantitative studies have been conducted to determine the effect of sensor height on the 
quality and quantity of sunlight reflected from crop canopies using hand-held, multispectral 
radiometers (4, 13, 15, 24, 28). 
Although numerous studies have been conducted to investigate the effects of incident 
radiation, sun angle, leaf wetness (dew), and sensor height on the quality and quantity of 
sunlight reflected from crop canopies, the results of those studies are less definitive because 
(i) different sensors were used (many with only broad-band capabilities) and (ii) different 
crops were used. To date, there has been no study to determine the effects of incident 
radiation, sun angle, leaf wetness, and sensor height on the quality and quantity of sunlight 
reflected from the same crop canopy using the same instrumentation. Therefore, the 
objectives of this study were to (i) quantify the effect of incident radiation, sun angle, leaf 
wetness, and sensor height on the quality and quantity of sunlight reflected from alfalfa 
canopies and (ii) develop a protocol which can be used to minimize the impact of these 
factors when using a hand-held, multispectral radiometer to quantify disease stress in alfalfa 
canopies. 
Materials and Methods 
Experimental plots. Alfalfa stands were established using cultivar "ICI 630" at the 
Iowa State University Agronomy Research Farm in Ames, LA, and the Iowa State University 
Northeast Research Farm in Nashua, LA, in the spring of 1995 and 1996, respectively. 
Experiments to determine the effects of incident radiation, sun angle, leaf wetness, and 
sensor height were performed on alfalfa plots originally established (i) to evaluate the 
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efficacy of fungicides to control foliar diseases of alfalfa and (ii) as a means to establish a 
range of disease intensity (stress) levels to quantify the relationship between percentage 
reflectance values and alfalfa yield. The experimental design was a randomized complete 
block with ten treatments and four replications (40 plots at each location). Each plot was 7.6 
m long and 1.8 m wide with 1.2 m nonfungicide-treated alfalfa borders. Foliar disease 
epidemics were allowed to occur naturally at both locations. In order to generate a broad 
range of disease intensity levels, four fungicides (mancozeb, propiconazole, cupric 
hydroxide, and chlorothalonil) that varied in efficacy to control foliar diseases of alfalfa and 
two different application frequencies (once or twice per alfalfa growth cycle) were employed. 
The initial fungicide application was applied when the alfalfa was approximately 15 cm high. 
For plots receiving two fungicide applications, the second spray was applied 10 to 14 days 
following the first application. All fungicides were applied in 718 L water (equivalent) per 
hectare using a COi-pressurized sprayer at 40 psi (276 kPa). 
Percentage of sunlight reflected from alfalfa canopies. The percentage of sunlight 
reflected from alfalfa canopies was measured using a hand-held, multispectral radiometer 
(CROPSCAN Inc., Rochester, MN)- Both the incident radiation and the radiation reflected 
from alfalfa canopies were recorded simultaneously in eight narrow (50 nm) wavelength 
bands with midpoint values in 460, 510, 560, 610, 660, 710, 760, and 810 nm. The area of 
the alfalfa canopy measured by the CROPSCAN radiometer was a circle with a diameter 
equal to one-half the sensor height (1 m dia). A bubble spirit level mounted on the 
supporting pole of the radiometer was used to align the sensors to the appropriate angle (90°) 
with respect to the alfalfa canopy. 
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Effect of incident radiation on percentage of sunlight reflected from alfalfa 
canopies. Four experiments were conducted in Nashua and Ames, lA, at different growth 
stages on partly cloudy days in which the presence of cumulus clouds would differentially 
affect incident radiation. For each experimental date, between 13 and 37 reflectance 
measurements were obtained from the same areas of alfalfa canopies (1-m-dia circles) using 
a CROPSCAN multispectral radiometer to coincide with changes in the incident radiation 
due to changes in cloud cover. To minimize the effect of other factors, such as sun angle, 
leaf wetness, and sensor height, all percentage reflectance measurements were obtained 
within a 15 min period between 1100 and 1500 hr CST. In addition, all measurements were 
obtained at a sensor height of 2 m when the alfalfa canopy was dry. Incident radiation 
measurements were recorded simultaneously for each wavelength band at the same time that 
percentage reflectance measurements were obtained. Incident radiation data (x) were then 
related to percentage reflectance of sunlight (y) using linear regression (14, 34). 
Effect of sun angle (time of day) on the percentage of sunlight reflected from 
alfalfa canopies. E.xperiments were conducted on 7 June, 18 July, and 30 August 1997 in 
Ames, lA, and on 31 August 1997 in Nashua, lA, to determine the effect of sun angle (time 
of day) on both the quality and quantity of sunlight reflected from alfalfa canopies. For each 
experimental date, percentage reflectance was measured from alfalfa plots treated with three 
different fungicide treatments (chlorothalonil, propiconazole, and nonfiingicide control). 
These treatments were chosen because each represented a different level of green LAI. Four 
replications (total of twelve plots) were used for this study. Five percentage reflectance 
measurements were obtained from each alfalfa plot at hourly intervals (between 0900 and 
1700 hr CST) using a CROPSCAN hand-held, multispectral radiometer with a sensor height 
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of 2 m. Because sun angle is closely related to the time of day, the percentage reflectance 
was expressed in terms of the time (hour) of day. 
Effect of leaf wetness on the percentage of sunlight reflected from alfalfa 
canopies. Percentage reflectance was measured before and after different amounts of water 
were applied to alfalfa canopies using a CO2 powered, hand-held boom sprayer to determine 
whether leaf wetness has a significant effect on the percentage of sunlight reflected from 
alfalfa canopies. The amount of water applied to alfalfa canopies (one m") ranged from zero 
to 800 ml/m" in approximate 80-ml/m~ increments (11 treatments). Percentage reflectance 
was measured at a sensor height of 2 m. Experiments were conducted within a 0.5 hr time 
period between 1100 and 1500 hr CST on a cloud-free day to minimize the effect of sun 
angle on the percentage of sunlight reflected from alfalfa canopies. 
Effect of sensor height on the percentage of sunlight reflected from alfalfa 
canopies. The percentage of sunlight reflected from chlorothalonil-treated and 
nonfungicide-treated plots for eight narrow wavelength bands (different LAI) was measured 
at different sensor heights using a hand-held, multispectral radiometer on cloud-free days 
between 1100 and 1500 hr CST. Two methods were employed to obtain different sensor 
heights. The first method utilized a lift-bucket crane to achieve sensor heights ranging from 
1.5 to 4.0 m at approximately 0.5 m increments. Experiments using this method were 
conducted on 14 July and 29 August 1998 in Ames, LA. The second method involved simply 
changing the length of the radiometer support pole. The range of sensor heights achieved by 
this method was 1.5 to 2.3 m, and the height was changed in approximately 0.20 m 
increments. Two experiments were conducted using this method: one on 1 October 1997 in 
Ames, lA, and the other on 4 October 1998 in Nashua, lA. 
48 
Data analysis. Linear regression (14, 34) analysis was used to quantify the effect of 
each nondisease factor on the percentage of sunlight reflected from alfalfa canopies for each 
of the eight wavelength bands. The goodness-of-fit of each model was based on the F-
statistic for the overall regression model, the coefficient of determination (R"), and the 
standard error of the estimate for y (SEEy). The coefficient of determination indicates the 
proportion of the variation in percentage reflectance measurements (y) that is explained by 
changes in each factor (incident radiation, sun angle, leaf wetness, and sensor height). The 
SEEy is the square root of the unexplained variation of y (percentage reflectance), and it 
provides a measure of the amount of error associated with a predicted value of y. Analysis of 
variance (ANOVA) and Least Significant Difference (LSD) tests were used to test for 
significances among different treatment means. 
Results 
Effect of incident radiation on the quality and quantity of sunlight reflected from 
alfalfa canopies. To quantify the effects of incident radiation on the percentage of sunlight 
reflected from alfalfa canopies, linear models were constructed by regressing incident 
radiation (x) against the percentage of sunlight reflected from alfalfa canopies for each of the 
eight wavelength bands (y) (Table 1). Incident radiation values for the four experimental 
dates ranged from 254 to 1076, 401 to 944, 302 to 1047, and 307 to 1070 watts/m", 
respectively. 
Significant negative linear relationships between incident radiation and the 
percentage reflectance in the near-infrared wavelength bands (760 and 810 nm) were 
detected for all four experiments (F-statistic, P < O.OOl). The effect of incident radiation on 
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the percentage of sunhght reflected from alfalfa canopies was much greater in the near-
infrared wavelength bands (760 and 810 nm) compared with the visible wavelength bands 
(460 to 710 nm) (Figure 1). 
There was no significant linear relationship between incident radiation and percentage 
of sunlight reflected from alfalfa canopies in the six visible wavelength bands (460 to 710 
nm) for 3 May 1997 in Ames, LA.. For the other three experiment dates (26 August 1997 in 
Nashua, 30 June 1999 in Nashua, and 19 July 1999 in Ames, lA) there were significant 
negative linear relationships (F-statistic, P < 0.01) between incident radiation and percentage 
reflectance in the six visible wavelength bands, except in the 560 nm wavelength band on 30 
June 1999 in Nashua, LA. 
For models relating incident radiation to the percentage reflectance in the 760 nm 
wavelength band, slopes ranged from -0.0019 to -0.0036, indicating that the percentage of 
sunlight reflected from alfalfa canopies in this wavelength band decreased from 0.0019 to 
0.0036% for every one unit increase in incident radiation (Table 1). Coefficients of 
determination (R") for the four linear regression models relating incident radiation to 
percentage reflectance in the 760 wavelength band ranged from 0.90 to 0.93, indicating that 
90 to 93% of the variation in the percentage reflectance in the 760 nm wavelength band was 
explained by incident radiation. 
For models relating incident radiation to percentage reflectance in the 810 nm 
wavelength band, slopes ranged from -0.0020 to -0.0032, indicating that percentage 
reflectance from alfalfa canopies decreased 0.0020 to 0.0032% for each one unit increase in 
incident radiation. Coefficients of determination (R~) for the four linear regressions relating 
incident radiation to the percentage reflectance in the 810 nm wavelength band ranged from 
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0.84 to 0.91, indicating that 84 to 91% of the variation in the percentage reflectance in the 
810 nm wavelength band was explained by incident radiation. 
The corrections needed (worst case) for each alfalfa experiment to correct for incident 
radiation (the corrected minus the original percentage reflectance values) were 1.71, 2.83, 
1.53, and 1.90% in the 760 nm wavelength band, and 1.85, 2.57, 1.36, and 1.65% in the 810 
nm wavelength band, for the four experiments, respectively. These "worst case" differences 
(ANOVA) were significant (P < 0.05) for each experiment. 
Effect of sun angle on the quality and quantity of sunlight reflected from alfalfa 
canopies. There were no significant fungicide treatment x time of day interactions in the 
visible wavelength bands (460 to 710 nm) for all four experiments, with the exception of the 
460, 560, and 610 nm wavelength bands on 30 August 1997 in Ames, lA. For the near-
infrared wavelength bands (760 and 810 nm), there were also no significant fungicide x time 
of day interactions for all four experiments (Figure 2). 
Sun angle (time of day) had a significant effect on the percentage of sunlight reflected 
from alfalfa canopies in all eight wavelength bands in each of the four experiments (Table 2). 
In the visible wavelength bands (460 to 660 nm), the differences between the highest and 
lowest percentage reflectance values obtained for different sun angles (time of day) were less 
than 2% for each fungicide treatment over all four experiments. In the 710 nm wavelength 
band, the differences between the highest and lowest percentage reflectance values obtained 
for different sun angles (time of day) fi-om the same 1-m-dia circles were 0.93, 0.79, 2.04, 
and 3.05% for the chlorothalonil-treated plots, 0.96, 0.50, 2.11, and 4.41% for the 
propiconazole-treated plots, and 1.20, 0.70, 2.24, and 2.46% for the nonfungicide-treated 
plots, for each of the four experiments, respectively (Table 2). hi the near-infi-ared 
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wavelength bands (760 and 810 nm), the differences between the highest and lowest 
percentage reflectance values were typically much higher than the differences found in the 
visible wavelength bands (460 to 660 rmi). In the 760 nm wavelength band, the differences 
between the highest and lowest percentage reflectance values obtained from alfalfa canopies 
were 4.36, 2.50, 7.88, and 8.52% for the chlorothalonil-treated plots, 2.98, 2.42, 8.32, and 
7.59% for the propiconazole-treated plots, and 2.92, 3.19, 7.82, and 6.34% for the 
nonfungicide-treated plots, for all four experiments, respectively. In the 810 nm wavelength 
band, the differences between the highest and lowest percentage reflectance values were 
4.40, 2.25, 7.03, and 7.53% for the chlorothalonil-treated plots, 2.90, 2.22, 7.45, and 7.16% 
for the propiconazole-treated plots, and 2.77, 2.97, 7.34, and 5.68% for the nonfungicide-
treated plots, for all four experiments, respectively. 
Even though the percentage of sunlight reflected from alfalfa canopies changed 
significantly with sun angle (time of day), reflectance values were very stable between 1100 
and 1500 hr CST. The percentage reflectance values from the nonfungicide-treated alfalfa 
plots in the near-infrared bands (760 and 810 nm) obtained between 1100 and 1500 hr CST 
were regressed against the time of day (Figure 3). There were no significant relationships 
between percentage reflectance values in the 760 and 810 nm wavelength bands obtained 
between 1100 and 1500 hr CST for the three experiments conducted in Ames, lA, indicating 
that the time of day during this period had no significant effect on the percentage of sunlight 
reflected from the alfalfa canopies in the near-infrared wavelength bands (760 and 810 nm). 
For the experiment conducted in Nashua, lA, on 31 August 1997, significant relationships 
between percentage reflectance values (760 and 810 nm) and time of day were detected. But, 
the slopes for these regressions were -0.0056 and -0.0052, indicating that the percentage 
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reflectance values (760 and 810 nm) only changed approximately 0.5% for each one hour 
increase between 1100 and 1500 hr CST. 
In the visible wavelength bands (460 to 660 nm), the difference in percentage 
reflectance values between 1100 and 1500 hr CST obtained from the same 1-m-dia circles 
(canopies) usually varied less than 1% for all three fungicide treatments (different green LAI 
levels) for all four experiments. The largest difference in the percentage reflectance values 
between 1100 and 1500 hr CST was 1.38% in the 710 nm wavelength band (propiconazole 
treatment on 31 August 1997 in Nashua, lA). 
Effect of leaf wetness on the percentage of sunlight reflected from alfalfa 
canopies. Leaf wetness had a significant effect on the percentage of sunlight reflected from 
alfalfa canopies in all eight wavelength bands (Figure 4). Linear regression relating the 
amount of water applied to alfalfa canopies (0 to 500 ml/m" in approximately 80-ml/m" 
increments) to the percentage of sunlight reflected from alfalfa canopies for all eight 
wavelength bands showed that percentage reflectance values increased with increasing 
amounts of water up to about 500 ml/m" within alfalfa canopy. Increasing the amount of 
water above 500 ml/m" did not result in further increases in percentage reflectance values 
(Figure 5 A-C). The slopes for the linear portion of the response curves (0 to 500 ml/m") for 
the visible wavelength bands (460 to 710 nm) ranged from 0.00066 to 0.0029, indicating that 
percentage reflectance values in the visible wavelength bands increased from 0.00066 to 
0.0029% for each ml of water applied to one-m"-areas of alfalfa canopies. The slopes for the 
760 nm near-infrared wavelength band ranged from 0.0028 to 0.0037, which indicates that 
percentage reflectance in this wavelength increased 0.0028 to 0.0037% for each ml of water 
applied to one m~ of alfalfa canopy (Table 3). Similar results were achieved for the 810 nm 
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wavelength band in which slopes ranged from 0.0025 to 0.0035, indicating that percentage 
reflectance values in this wavelength band increased 0.0025 to 0.0035% for each ml of water 
applied (Figure 5 D-F). Coefficients of determination (R") for all the linear regressions 
relating the amount of water to percentage reflectance values in the eight wavelength bands 
ranged from 0.89 to 0.98, which indicates that 89 to 98% of the variation in percentage 
reflectance values over all eight wavelength bands was explained by the amount of water 
applied to the alfalfa canopies. 
Effect of sensor height on the quality and quantity of percentage of sunlight 
reflected from alfalfa canopies in eight wavelength bands. Sensor height had 
inconclusive effects on the percentage of sunlight reflected from alfalfa canopies depending 
on experimental date, fungicide treatment, and wavelength band (Figure 6). The percentage 
of sunlight reflected from chlorothalonil-treated alfalfa canopies in the near-infrared bands 
(760 and 810 nm) increased with increasing sensor height on 14 July 1998, whereas 
percentage reflectance in the near-infrared wavelength bands (760 and 810 rmi) decreased 
when the sensor height was increased from 1.5 to 4.0 m on 29 August 1998 for the 
chlorothalonil-treated alfalfa plots. 
When the sensor height was adjusted by changing the length of the supporting pole, 
the effect of sensor height on percentage reflectance in alfalfa was also inconsistent. On 1 
October 1997 in Ames, lA, the percentage of sunlight reflected from the chlorothalonil-
treated alfalfa plot did not change significantly (ANOVA) in all the wavelength bands when 
sensor height was increased from 1.5 to 2.3 m; however, on 4 October 1997 in Nashua, LA, 
percentage reflectance in all eight wavelength bands significantly decreased when sensor 
height was increased from 1.5 to 2.3 m. Similar inconsistent effects of sensor height on the 
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percentage of sunlight reflected from alfalfa canopies were observed in the nonfiingicide 
control treatments over all four experiments. 
Linear regression models relating sensor height to percentage reflectance in the eight 
wavelength bands were developed for two fungicide treatments (chlorothalonil and the 
nonfungicide-treated control) for each of the four experiments (Table 4). The effect of 
sensor height on the percentage of sunlight reflected from alfalfa canopies was not consistent. 
For example, on 14 July 1998 in Ames, lA, percentage reflectance in all eight wavelength 
bands increased significantly with sensor height in the chlorothalonil-treated plots. For the 
nonfungicide-treated control plots on the same date, percentage reflectance increased 
significantly with the increasing of sensor height only in the visible wavelength bands (460 to 
710 nm). On 29 August 1998 in Ames, LA, no significant relationships between sensor 
height and percentage reflectance were detected in any of the wavelength bands for the 
nonfungicide-treated plots; however, in the chlorothalonil-treated plots, percentage 
reflectance decreased significantly with sensor height in 710, 760, and 810 rmi wavelength 
bands and increased significantly with sensor height in 460, 610, and 660 nm wavelength 
bands. 
When sensor height was adjusted by changing the length of the supporting pole (1 
October 1997 in Ames, LA), significant positive relationships (slopes) between sensor height 
and percentage reflectance in the 560 and 710 nm wavelength bands were detected for the 
chlorothalonil-treated plots, whereas significant negative relationships were detected in the 
nonfungicide-treated control plots for the 710, 760, and 810 nm wavelength bands. 
Significant negative relationships between sensor height and percentage of sunlight reflected 
from alfalfa canopies were also detected on 4 October 1997 in Nashua, LA, in all the 
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wavelength bands for the chlorothalonil-treated plots. For the nonfungicide-treated plots on 
the same date, significant negative relationships were detected only in the 510, 660, 760, and 
810 nm wavelength bands. 
Discussion 
Because the hand-held, multispectral radiometer we used for our study can measure 
the incident radiation and the reflected radiation simultaneously, it was assumed that the 
percentage reflectance measurements from the same 1-m diameter canopy units would not 
change with changes in incident radiation (due to changing conditions in cloud cover). In our 
study, however, we found the presence of systematic error (bias) in percentage reflectance 
measurements due to changes in the amount of incident radiation, fricident radiation had a 
significant negative effect on the percentage of sunlight reflected from alfalfa canopies in the 
near-infrared wavelength bands (760 and 810 nm) inasmuch as errors in the percentage of 
sunlight reflected from alfalfa canopies increased with decreased incident radiation. Our 
results showed that percentage reflectance decreased from 0.19 to 0.36% in the 760 
wavelength band and 0.20 to 0.32% in the 810 wavelength band for each 100 watts/m~ 
increase in incident radiation. In addition, the significant negative effects of incident 
radiation on percentage reflectance in the near-infrared wavelength bands were consistent for 
different LAI levels (1.31 to 4.83) (Figure 1). But, the effect of changes in incident radiation 
on percentage reflectance in the visible wavelength bands was much smaller than the effects 
of changes in incident radiation for the near-infrared wavelength bands. Slopes relating 
changes in incident radiation to changes in percentage reflectance in the visible wavelength 
bands were 4 to 96 times smaller compared with the near-infrared wavelength bands. These 
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results confirm what Jackson et al.. Green et al., and Adcock et al. reported: changes in cloud 
cover influence the variability of canopy reflectance measurements (1,9, 13). Results of our 
experiments also suggest that in order to minimize the bias effects of changes in incident 
radiation on percentage reflectance in the near-infrared wavelength bands (760 and 810 run), 
measurements should be obtained within a relatively small range of incident radiation 
conditions. If percentage reflectance values obtained on a single date are needed, percentage 
reflectance values can be obtained within a small range of incident radiation without further 
corrections. If percentage reflectance values from different dates are compared or used to 
generate percentage reflectance curves with respect to time, however, assessments should not 
only be performed within a small range of incident radiation values, but the percentage 
reflectance values should also be calibrated (adjusted) using regression equations to correct 
for systematic errors. 
To investigate whether the effect of incident radiation on percentage of sunlight 
reflected from alfalfa canopies was to due to systematic error associated with the radiometer 
or was due to some biological phenomenon associated with alfalfa canopies, percentage 
reflectance measurements were also obtained from turfgrass canopies, soybean canopies, and 
noncrop backgrounds (such as concrete and a green cloth) during different levels of incident 
radiation due to changes in cloud cover (Figure 7). Similar to the effect of changes in 
incident radiation on the percentage of sunlight reflected from alfalfa canopies in the 810 nm 
wavelength band, percentage reflectance (810 nm) also significantly (P < 0.01) decreased 
with increases in incident radiation when reflectance was measured from turfgrass canopies, 
concrete, and green cloth. This strongly suggests that the presence of a systematic error is 
associated with the radiometer and not the alfalfa canopy. 
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Besides changes in incident radiation, sun angle also had significant effect on the 
percentage of sunlight reflected from alfalfa canopies. Our results contradict the results 
reported by Gross et al. (10) who found that reflectance from broadleaf canopies was not 
affected by sun angle. This may be because wider wavelength bands (60 nm) were used in 
their study and only reflected radiation was measured instead of both the incident radiation 
and reflected radiation being measured simultaneously as in our study. Gross et al. (10) 
measured the reflectance from plants in wetlands, whereas our experiment was conducted in 
alfalfa fields and, therefore, differences in soil and the water content of soils may have 
influenced results. 
Because sun angle is closely related to time of day (Figure 8), we used time of day in 
our study to achieve changes in sun angle. For percentage reflectance values obtained 
between 1100 and 1500 hr CST, there were no fungicide treatment x time of day interactions 
in the near-infrared wavelength bands, which indicates that percentage reflectance can be 
used to measure different levels of disease stress at any time of day between 1100 and 1500 
hr CST for canopies differing in green LAI. Between 1100 and 1500 hr CST, percentage 
reflectance measurements were very stable, especially in the near-infrared wavelength bands 
(760 and 810 nm). Thus, contrary to Middleton's (18) suggestion that percentage reflectance 
assessments should be obtained at a 45° sun angle to avoid the "high sun" (solar noon) in 
tallgrass prairies, we found that percentage reflectance measurements should be obtained 
between 1100 and 1500 hr CST (near solar noon) to minimize the effect of sun angle on the 
percentage of sunlight reflected from alfalfa canopies. 
The presence of leaf wetness coupled with changes in incident radiation due to 
changes in cloud cover can dramatically affect the amount and quality of sunlight reflected 
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from plant canopies. Leaf wetness significantly increased the percentage of sunlight 
reflected from alfalfa canopies in all eight wavelength bands. But once the amount of water 
exceeded 500 ml/m" of alfalfa canopy, there was no further increase in percentage reflectance 
in the near-infrared bands when additional water was applied to alfalfa canopies. These 
results suggest that percentage reflectance in the near-infrared wavelength bands should be 
obtained when the alfalfa canopies are dry in order to reduce systematic error in reflectance 
assessments because of dew. Contrary to Pinter (31) who found that high dew levels 
increased reflectance only in the visible wavelength bands but had no effect on the 
reflectance in the near-infrared region of the spectrum (between 700 to 1100 nm) in wheat 
cultivars, we found the strong presence of systematic bias with increasing levels of leaf 
wetness (up to 500 ml/m" of alfalfa canopy) in the near-infrared region. This may be due to 
the wider wavelength bands (100 to 300 nm) and smaller canopy areas (0.35-m-dia) that 
were used in Pinter's study as well as the rather dramatic differences in leaf angles and 
canopy structure of alfalfa versus wheat canopies. 
Changes in incident radiation with respect to time of day are negatively related to sun 
angle, season, and geographic location (Figure 9). When the sun angle is large (early 
morning or late afternoon), incident radiation is low. In addition, alfalfa canopies are usually 
wet with dew until 1000 to 1100 hr CST during the growing season and this will also bias 
(increase) percentage reflectance values. 
A fourth factor that can affect the percentage of sunlight reflected from alfalfa 
canopies is sensor height. Percentage reflectance values changed significantly (P < 0.05) 
with the change in sensor height above alfalfa canopies without a consistent trend (Figure 6). 
The area of each alfalfa canopy from which percentage reflectance is measured is a circle 
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equal to one-half the height of the sensor above the ground. As sensor height is 
incrementally increased, the area of alfalfa canopy being assessed is also enlarged. Because 
alfalfa canopies are very heterogeneous, not only among but within experimental plots, 
percentage reflectance values are affected by even small differences in green LAI as sensor 
height (sampling area) increases or decreases. If an alfalfa canopy within a plot is assessed at 
a lower sensor height where there is more healthy green leaf area than the surrounding alfalfa 
canopy, then it is not surprising that percentage reflectance would decrease with the 
incremental increases in sensor height, because these measurements would encompass a 
larger and overall less healthy canopy area. The reverse situation (small area with more 
disease surrounded by relatively more healthy alfalfa canopy) would make it appear that 
reflectance values increased with increasing sensor height. 
To determine if crop heterogeneity was responsible for conflicting results regarding 
the effect of sensor height on the percentage of sunlight reflected from alfalfa canopies, we 
conducted two additional experiments using plant communities with more homogenous 
canopies to quantify the relationship between sensor height and the amount and quality of 
sunlight being reflected. Experiments were conducted over turfgrass canopies at the Iowa 
State University Horticulture Research Farm near Ames, lA, on 23 July 1998 and 13 June 
2000 and also on oat canopies at the Iowa State University Agronomy Farm in Ames, LA, on 
13 June 2000 (Figure 10). The percentage reflectance obtained from the turfgrass and oat 
canopies did not change significantly with the change of sensor height and that sensor height 
had no significant effect on percentage reflectance obtained from homogenous canopies. 
These results confirm that the effect of sensor height on the percentage of sunlight reflected 
from alfalfa canopies was most likely due to alfalfa canopy heterogeneity. To minimize the 
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effects of heterogeneity of alfalfa canopies on percentage reflectance, multiple percentage 
reflectance assessments should be obtained from each alfalfa plot using the same sensor 
height in order to account for the variability in reflectance measurement caused by changes in 
alfalfa heterogeneity. 
Other factors, such as soil reflectance characteristics, soil pH, and nitrogen fertility 
have also reported to influence canopy reflectance (3, 5, 12, 17, 32). Water content of alfalfa 
leaves, relative humidity, soil moisture, debris on the soil surface, and air temperature also 
may potentially affect percentage reflectance, and more experiments are needed to 
investigate the effects of these factors on the quality and quantity of sunlight reflected from 
alfalfa canopies. 
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Table 1. Intercepts, slopes, F-statistics, coefficients of determination (R~), and standard errors 
of the estimate for y (SEEy) for models relating incident radiation to percentage of sunlight 
reflected from alfalfa canopies for 8 wavelength bands 
Location Date' LAI" 
Wavelength 
(nm) Intercept Slope' F-statistic SEEv 
Ames 3 May 1.31 460 2.84 0.00 0.48 0.03 0.51 
1997 510 4.04 0.00 0.17 0.01 0.65 
560 6.56 0.00 0.05 0.00 0.56 
610 5.66 0.00 0.06 0.00 0.96 
660 4.64 0.00 0.30 0.02 1.22 
710 12.84 0.00 0.29 0.02 0.79 
760 26.24 -0.0019'» 142.39 0.90 0.25 
810 27.58 -0.0021* 83.08 0.84 0.37 
Nashua 26 August 4.83 460 1.88 -0.00013» 26.38 0.71 0.02 
1997 " 510 2.25 -0.00015* 40.47 0.79 0.02 
560 6.08 -0.00033* 85.04 0.89 0.03 
610 3.65 -0.00026* 55.41 0.83 0.03 
660 1.87 -0.00026* 215.37 0.95 0.01 
710 14.54 -0.00047* 33.07 0.75 0.06 
760 52.97 -0.0027* 158.23 0.93 0.17 
810 54.90 -0.0024* 102.75 0.90 0.18 
Nashua 30 June 2.20 460 2.34 0.00015* 100.28 0.74 0.02 
1999 510 3.06 0.00016* 61.87 0.64 0.03 
560 7.04 -0.000024 1.09 0.03 0.04 
610 5.19 0.00011* 21.99 0.39 0.04 
660 3.87 0.00031* 104.28 0.75 0.05 
710 14.43 -0.00036* 87.57 0.71 0.06 
760 33.79 -0.0023* 339.49 0.91 0.19 
810 34.55 -0.0020* 266.50 0.88 0.19 
Ames 19 July 3.15 460 1.65 -0.000053* 33.57 0.59 0.01 
1999 510 2.32 -0.00013* 72.72 0.76 0.02 
560 5.21 -0.00033* 167.73 0.88 0.04 
610 3.05 -0.00012* 26.70 0.54 0.03 
660 1.96 -0.000037* 7.07 0.24 0.02 
710 12.20 -0.00075* 102.71 0.82 0.11 
760 41.73 -0.0036* 329.11 0.93 0.28 
810 42.30 -0.0032* 227.16 0.91 0.31 
3 May 1997 = day of year (doy) 123; 26 August 1997 = doy 238; 30 June 1999 = doy 181; 
19 July 1999 = doy 200. 
'' LAI = leaf area index. 
Asterisk indicates slopes are statistically different from zero at the P < 0.01 level. 
Tabic 2. Effcct of sun angle (time of day) on the percentage of sunlight reflected from alfalfa canopies for 8 wavelength bands (nm) 
for chlorothalonil, propiconazolc, and nonfungicidc-trcatcd control alfalfa plots 
Location/ Treatment Time of NVavclcnutli hand (nni) 
Date' (lAl") day 460' 510 §60 610 660 710 760 810 
Ames Chlorothalonil 900 1.56 be 2.40a 5.35 a 2.98 b 1.55 b 13.22 a 53.09 a 55,30 a 
7 June (4.63) 1000 1.55 be 2.26b 5.02 b 2.83 e 1.53 b 12.87 be 51.20 b 53.26 b 
1997 1100 1.56 be 2.25 b 5.03 b 2.84 c 1.55 b 12.85 c 50.49 bed 52,66 be 
1200 1.52 be 2.21b 4.92 be 2.79 c 1.52 b 12.65 de 49.49 dc 51.73 cd 
1300 1.57 be 1.95d 5.37 a 3.06 ab 1.56b 13.40 a 51.51 b 51.71 cd 
1400 1.66 a 1.93 d 5.39 a 3.08 a 1.67 a 13.39 a 49.90 cdc 51.81 cd 
1500 1.49 c 2.08 c 4.87 c 2.76 e 1.5b 12.47 d 48,73 c 50.90 d 
1700 1.58 b 2.49 a 5.41 a 3.02 ab 1.53 b 13.14 ab 50.85 be 53.16 b 
Propiconazolc 900 1.52 c 2.36b 5.40 b 2.97 b 1.56 cd 13.14 be 51.03 a 52.90 a 
(4.40) 1000 1.50 c 2.22c 5.05 c 2.80 c 1.48 c 12,74 cd 49.08 bed 50.86 be 
1100 1.51 c 2.26c 5.07 c 2.83 c 1,49 dc 12,83 cd 48.30 cd 50,04 c 
1200 1.52 c 2.22c 4.95 c 2.83 c 1.52 dc 12.65 d 48.05 d 50,03 c 
1300 1.6! b 1.96 c 5.45 ab 3.10 ab 1.61 be 13.45 ab 49.66 abc 50.20 e 
1400 1.68 a 1.99 c 5.56 ab 3.17 a 1.7a 13.61 a 48.73 bed 50.40 c 
1500 1.50 c 2.lld 4.97 c 2.83 e 1,52 dc 12,69 cd 48.08 d 50.00 c 
1700 1.60 b 2.53a 5.65 a 3.14 a 1,64 ab 13.42 ab 49.94 ab 52.03 ab 
Control 900 1.50 c 2.29b 5.24 c 2.88 d 1,53 be 12.88 b 49.93 a 51.73 a 
(4.27) 1000 1.48 c 2.19bc 5.02 d 2.77 c 1,48 c 12.66 be 48.40 bed 50.14 b 
1100 1.54 be 2.22 be 4.99 d 2.84 dc 1,5 c 12,64 be 47.93 cd 49.72 b 
1200 1.48 c 2.18bcd 4.86 d 2,79 c 1,5 c 12,41 c 47.01 d 48,96 b 
1300 1.56 be 2.05 dc 5.36 be 3.02 c 1,59 b 13,26 a 48.99 abc 49,51 b 
1400 1.66 a 1.98 c 5.53 ab 3,14 b 1.68 a 13.61 a 48,39 bed 49,97 b 
1500 1.49 c 2.10cdc 4.90 d 2.70 c 1.5c 12.47 c 47,40 d 49.34 b 
1700 1.62 ab 2.55a 5.67 a 3,27 a 1.69 a 13.57 a 49,82 ab 51.63 a 
Ames Chlorothalonil 900 1.93 ab 2.52a 4.94 a 3.11 a 2.12 ab 13.20 a 49,70 a 52.37 a 
18 (4.42) 1000 1.81 dc 1.99f 4.58 b 2.89 dc 2.01 c 12.71 be 48,06 be 50.68 be 
July 1100 1.86 bed 2.15c 4.58 b 2.92 cd 2,02 c 12,80 b 48.24 b 50,97 b 
1997 1200 1.89 abc 2.14c 4.43 c 2.94 bed 2,08 b 12,61 cd 47.38 c 50.12 cd 
1300 1.94 a 2.40 b 4.49 be 2.99 b 2.16a 12,76 be 47.47 cdc 50.19 cd 
Tabic 2. (continued) 
Location/ Treatment Time of Wavelength hand (nni) 
Date' (I>AI") day 460' 510 560 610 660 710 760 810 
1400 1.90 abc 2.35 be 4.40 c 2.93 bed 2.14 a 12.62 bed 47.19 c 49,99 d 
1500 1.85 cdc 2.31c 4.29 d 2.84 c 2.08 b 12.51 dc 47.45 dc 50.23 cd 
1600 1.77 c 2.22d 4.19 d 2.76 be 2.03 c 12.41 c 47.99 bed 50.73 be 
1700 1.91 abc 2.37bc 4.54 b 2.96 a 2.16a 13.05 a 49.41 a 52.08 a 
Propiconazole 900 1.93 do 2.52a 4.80 a 3.05 b 2.17 cd 12.93 be 47.89 ab 50.36 ab 
(4.22) 1000 1.90 c 2.12d 4.58 bed 2.93 dc 2.1 d 12.71 d 46.45 cd 48.87 cd 
1100 1.96 cdc 2.2 led 4.60 be 2.98 c 2.12 d 12.83 bed 46.66 cd 49.19 cd 
1200 2.00 be 2.27c 4.51 d 2.98 ed 2.2 be 12.73 cd 46.03 d 48.61 d 
1300 2.09 a 2.54a 4.66 b 3.11 a 2.29 a 13.02 ab 46.36 d 48.86 cd 
1400 2.03 ab 2.41b 4.54 cd 3.03 b 2.25 ab 12.86 bed 46.18d 48.73 d 
1500 1.99 bed 2.41b 4.40 c 2.94 cdc 2.22 abc 12.73 cd 46.26 d 48.87 cd 
1600 1.93 dc 2.40b 4.41 c 2.91 c 2.23 ab 12.80 cd 47.22 be 49.67 be 
1700 2.03 ab 2.48 ab 4.61 be 3.04 b 2.28 a 13.21 a 48.45 a 50.95 a 
Control 900 1.95 a 2.46a 4.82 a 3.11 a 2.21 ab 13.01 a 46.58 b 48.85 b 
(3.96) 1000 1.85 c 2.05 d 4.55 be 2.91 cfd 2.03 c 12.54 b 45.40 cd 47.66 cdc 
1100 1.87 be 2.15c 4.53 be 2.92 cfd 2.05 dc 12.61 b 45.42 cd 47.73 cd 
1200 1.92 ab 2.22c 4.46 cd 2.94 cdc 2.11 cd 12.45 b 44.23 c 46,63 f 
1300 1.98 a 2.47 a 4.53 be 3.03 b 2.21 ab 12.64 b 44.49 c 46,84 cf 
1400 1.98 a 2.35 b 4.44 ed 2.98 bed 2.18 abc 12.54 b 44.58 c 47.00 cfd 
1500 1.88 be 2.34 b 4.32 c 2.87 cf 2.13c 12.43 b 44.64 dc 47.12 cfd 
1600 1.85 c 2.32b 4.35 dc 2.86 f 2.14 be 12.61 b 45.97 be 48.36 be 
1700 1.97 a 2.45 a 4.64 b 3.00 be 2.24 a 13.12 a 47.42 a 49.81 a 
Ames Chlorothalonil 900 1.86 a 2.61a 5.65 a 3.48 a 1.85 a 13.66 a 56.22 b 58.47 b 
30 (4.88) 1000 1.86 a 2.53b 5.40 b 3.28 b 1.7b I3.19b 53.68 e 56.02 c 
Aug. 1100 1.68 b 2.31c 5.02 c 3.03 c 1.52 c 12.67 c 51.99 cf 54.39 cf 
1997 1200 1.54 c 2.07 e 4.54 c 2.78 c 1.38 c 11.89e 50.98 f 53.66 f 
1300 1.57 c 2.12c 4.61 c 2.82 dc 1.42 dc 12.07 dc 51.35 cf 54.14 cf 
1400 1.58 c 1.67 f 4.66 dc 2.86 dc 1.45 cdc 12.29 d 51.93 cf 54.68 def 
1500 1.58 c 2.09 c 4.68 dc 2.86 dc 1.45 cdc 12.25 dc 52.44 dc 55.03 cdc 
1600 1.61 be 2.20d 4.76 d 2.92 cd 1.49 cd 12.35 cd 53.27 cd 55.93 cd 
Tabic 2. (continued) 
Location/ Treatment Time of WavclcnRtli hand (nni) 
Dale' (LAI") day 460' 510 560 610 660 710 760 810 
1700 1.86 a 2,58 ab 5.52 ab 3,53 a 1,86 a 13.93 a 58.86 a 6l.l7a 
Propiconazole 900 1.89 b 2,65 a 5.54 a 3,45 b 1,82 b 13.63 b 55.28 b 57.27 b 
(4.75) 1000 1,77 c 2,47 b 5.37 b 3.21 c 1.69 c 12.97 c 52.22 cd 54.47 cde 
1100 1.73 d 2,35 c 5.10 c 3,10 d 1.56 d 12.69 cd 51.11 dc 53.54 dcf 
1200 1.56 g 2,16 c 4.65 c 2,85 f 1.43 b 11.98 f 50.11 c 52.72 f 
1300 1.61 f 2,17 c 4.73 de 2,90 ef 1.45 fg 12.22 ef 50.41 e 53.11 ef 
1400 1.64 ef 1,73 f 4.80 d 2,94 e 1.48 cf 12.47 de 51.38cde 53.99 cdef 
1500 1.62 f 2,13 c 4.78 dc 2,94 fe 1.49 cf 12.44 dc 51,98 cd 54,51 cd 
1600 1.66 c 2,26 d 4.83 d 2,97 c 1.53 dc 12.51 de 52,66 c 55,16 c 
1700 1.94 a 2,66 a 5.59 a 3,60 a 1.92 a 14,09 a 58,44 a 60.56 a 
Control 900 2.00 a 2.65 a 5.89 a 3,64 a 1.94 a 14,13a 54,76 b 56.68 b 
(4.59) 1000 1.85 b 2.53 b 5.37 b 3,29 c 1.72 c 13,10c 52,08 c 54.04 c 
1100 1.73 c 2.34 c 5.06 c 3,06 d 1.55 d 12.65 d 50,77 d 53.00 cd 
1200 1.54 f 2.13 c 4.57 c 2,81 f 1.42 f 11.89f 48,99 c 51.44 c 
1300 1,56 cf 2.12 c 4,61 c 2,83 f 1.42 f 11,97 f 48.95 e 51.42 c 
1400 1,59 dcf 1,66 f 4,62 e 2,83 f 1.44 f 12,04 ef 49.35 e 51.74dc 
1500 1,59 dc 2,09 c 4.69 dc 2,88 ef 1.48 c 12,20 ef 50.62 d 52.94 cd 
1600 1,63 d 2,23 d 4.80 d 2,93 e 1,51 dc 12,36 dc 51.72 cd 54.11 c 
1700 1,89 b 2,61 a 5.48 b 3,50 b 1,85 b 13,73 b 56.77 a 58.78 a 
Nashua Chlorothalonil 900 2,25 a 3,12 a 6.38 a 4,23 a 2,26 a 15,31 a 57.39 a 59.78 a 
31 (4.69) 1000 1,78 b 2,49 b 5.38 b 3,34 b 1,68 b 13,53 b 52.34 b 55.01 b 
Aug. 1100 1,69 c 2.33 c 5.18 c 3,18 c 1,56 c 13,47 b 51.20 cd 53,78 cd 
1997 1200 1,53 c 2.01 cf 4,79 e 2,93 c 1,42 dc 12,70 c 49.43 CI'B 52.25 cf 
1300 1,64 d 2.18 d 5,18 c 3,14 cd 1,53 c 13,46 b 50.50 cde 53.07 de 
1400 1,50 cf 1.98 f 4,74 c 2,90 c 1,41 de 12.64 c 49.33 fB 52.32 cf 
1500 1,46 f 1,84 B 4,61 f 2,80 f 1,37 c 12.26d 48,88 g 51.74 f 
1600 1,50 ef 2,06 c 4,76 e 2,92 e 1,44 d 12.61 c 50,23 dcf 52,99 de 
1700 1,53 c 2,16 d 4,93 d 3,06 d 1,56 c 12.78 c 51,59 cb 54,28 cb 
Table 2. (continued) 
Location/ Treatment Time of Wavclengtli band (nm) 
Date' (LAI") day 460' 510 560 610 660 710 760 810 
Propiconazole 900 2.21 a 3.10 a 6.36 a 4.16 a 2.26 a 15.04 a 54.75 a 57.09 a 
(4.54) 1000 1.78 b 2.47 b 5.36 b 3.34 b 1.71 b 13.41 be 50.75 b 53.33 b 
1100 1.74 b 2.41 b 5.30 b 3.28 b 1.62 be 13.66 b 50.35 be 52.85 be 
1200 1.57 d 2.06 dc 4.87 cd 2.99 cd 1.47 de 12.88 cd 48.29 cdc 51.04 cd 
1300 1.67 c 2.19 c 5.22 b 3.21 b 1.56 c 13.57 b 49.26 be 51.72 bed 
1400 1.49 cf 1.96 c 4.70 dc 2.87 dc 1.41 c I2.46dc 47.l6e 49.93 d 
1500 1.46 f 1.85 f 4.61 c 2.81 c 1.39 c 12.28 e 47.18 e 49.90 d 
1600 1.51 dcf 2.06 de 4.72 cdc 2.89 dc 1.45 e 12.46 de 47.97 de 50.63 cd 
1700 1.55 de 2.14 cd 4.93 c 3.04 c 1.55 cd 12.66 dc 49.74 bed 52.22 be 
Control 900 2.15 a 3.02 a 6.3! a 4.05 a 2.21 a 14.84 a 53.19 a 55.38 a 
(4.45) 1000 1.78 b 2.46 b 5.37 b 3.37 b 1.67 b 13.47 b 49.88 b 52.35 b 
1100 1.69 c 2.36 b 5.28 b 3.26 be 1.58 be 13.57 b 49.28 be 51.69 be 
1200 1.54 de 2.04 d 4.86 cd 3.00 ef 1.45 de 12.91 c 47.75 dc 50.37 cdc 
1300 1.66 c 2.20 c 5.24 b 3.19 cd 1.54 cd 13.61 b 48.72 bed 51.04 bed 
1400 1.49 def 1.97 d 4.75 de 2.93 cfg 1.42 e 12.64 cd 47.00 c 49.68 de 
1500 1.45 f 1.85 d 4.64 c 2.85 g 1.39 e 12,38 d 46.85 c 49.44 c 
1600 1.48 cf 2.04 c 4.76 de 2.92 fg 1.45 de 12.62 cd 48.04 cdc 50.56 cdc 
1700 1.55 d 2 . 1 6 e  4.98 c 3.08 de 1.55 cd 12.81 cd 49.39 be 51.87 be 
" June 7,1997 = day of year (doy) 158; 18 July 1997 = doy 198; 30 August 1997 = doy 242; 31 August 1997 = doy 243. 
'' LAI = leaf area index. 
' Numbers in the same column followed by the same letter for each treatment on cach date are not statistically different frotii cach 
other at the P < 0.05 level using the LSD mean comparison test. 
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Table 3. Intercepts, slopes, F-statistics, coefficients of detennination (R"), and standard errors 
of the estimate for y (SEEy) for models relating the amount of water applied to alfalfa 
canopies (under 500 g/m") to percentage of sunlight reflected for 8 wavelength bands in 
Ames, lA on 22 June 2000 
Canopy Wavelength 
Site (nm) Intercept Slope' F-statistic R- SEEy 
1 460 1.51 0.00066* 56.28 0.89 0.04 
510 1.89 0.00077* 98.17 0.93 0.04 
560 4.87 0.0012* 161.10 0.96 0.05 
610 2.85 0.0010* 106.89 0.94 0.05 
660 1.45 0.00066* 76.75 0.92 0.04 
710 12.61 0.0019* 88.11 0.93 0.10 
760 43.77 0.0028* 89.90 0.93 0.14 
810 43.99 0.0025* 183.38 0.96 0.09 
2 460 1.65 0.00093* 45.75 0.90 0.06 
510 2.07 O.OOll* 78.47 0.94 0.05 
560 5.47 0.0016* 141.31 0.97 0.06 
610 3.16 0.0013* 79.94 0.94 0.06 
660 1.60 0.00091* 58.74 0.92 0.05 
710 13.72 0.0023* 114.32 0.96 0.09 
760 45.95 0.0028* 122.18 0.96 0.11 
810 46.03 0.0026* 100.90 0.95 0.11 
3 460 1.66 O.OOll* 151.49 0.96 0.04 
510 2.15 0.0013* 625.31 0.98 0.03 
560 5.76 0.0021* 215.16 0.97 0.06 
610 3.28 0.0018* 180.71 0.97 0.06 
660 1.65 0.0011* 160.67 0.96 0.04 
710 14.65 0.0029* 240.67 0.98 0.08 
760 50.09 0.0037* 132.85 0.96 0.14 
810 50.49 0.0035* 179.25 0.97 0.11 
^ Single asterisk indicates slopes are statistically different from zero based on F-statistics at 
the P < 0.01 level. 
Tabic 4. Inlcrccpts, slopes, F-statislics, cocfllcicnts ofdctcrmination (R'), and standard errors of the estimate for y (SEEy) for 
models relating sensor height to the percentage of sunlight reflected from alfalfa canopics for 8 wavelength bands 
Fungicide 
Location Date' 
Treatment 
(LAI") 
Wavelength 
(nm) Intercept Slope*^ F-statistic R- SEEy 
Ames I October Chlorothalonil 460 1.38 0.073 0.66 0.08 0.09 
1997 (4.38) 510 2.02 0.11 1.92 0.53 0.04 
560 4.59 0.25* 5.01 0.71 0.06 
610 3.09 0.14 0.95 0.16 0.12 
660 1.54 0.068 0.38 0.09 0.08 
710 12.49 0.46** 10.09 0.56 0.15 
760 46.95 -0.32 0.34 0.03 0.67 
810 48.75 -0.36 0.43 0.03 0.71 
Control 460 1.65 -0.0083 0.01 0.01 0.03 
(4.15) 510 2.49 -0.10 1.62 0.72 0.02 
560 5.07 0.045 0.25 0.10 0.05 
610 3.90 -0.20 3.22 0.73 0.05 
660 1.62 0.020 0.09 0.12 0.02 
710 14.65 -0.45** 17.84 0.74 0.10 
760 52.16 -2.27** 38.34 0.78 0.44 
810 54.73 -2.55** 43.04 0.78 0.49 
Nashua 4 October Chlorothalonil 460 2.17 -0.16** 27.43 0.84 0.02 
1997 (3.53) 510 2.84 -0.16** 16.82 0.90 0.02 
560 5.87 -0.30** 52.93 0.87 0.04 
610 4.17 -0.15* 7.24 0.51 0.05 
660 2.24 -0.090* 6.90 0.88 0.01 
710 15.39 -1.15** 102.54 0.87 0.16 
760 46.15 -4.08** 111.02 0.87 0.58 
810 49.63 -4.87** 131.29 0.88 0.65 
Tabic 4. (continued) 
Location Date" 
Fungicidc 
Treatment 
(LAI") 
Wavelength 
(nm) Intercept Slope' F-statistic SEEy 
Control 460 1.99 -0.071 2.91 0.24 0.05 
(3.15) 510 2.83 -0.16** 16.73 0.64 0.04 
560 5.39 -0.016 0.07 0.01 0.08 
610 4.00 -0.061 0.83 0.06 0.09 
660 2.28 -0.14** 14.97 0.78 0.03 
710 14.15 -0.28 3.43 0.17 0.23 
760 46.75 -2.86** 54.10 0.76 0.59 
810 49.12 -3.07** 44.29 0.72 0.70 
Ames 14 July Chlorothalonil 460 1.54 0.13** 39.67 0.64 0.11 
1998 (3.16) 510 2.31 0.18** 42.15 0.65 0.15 
560 3.42 0.23** 71.28 0.77 0.14 
610 2.52 0.21** 46.13 0.67 0.17 
660 1.45 0.53** 45.14 0.63 0.45 
710 7.00 0.50** 38.86 0.63 0.43 
760 34.07 1.61** 34.80 0.64 1.35 
810 36.47 1.50** 33.27 0.66 1.19 
Control 460 1.92 0.057** 35.93 0.98 0.01 
(2.75) 510 2.89 0.075** 31.29 0.94 0.02 
560 4.22 0.11** 63.57 0.87 0.05 
610 3.20 0.11** 61.68 0.87 0.05 
660 2.75 0.22** 5.61 0.97 0.04 
710 8.73 0.13* 24.09 0.69 0.10 
760 36.33 -0.15 1.89 0.24 0.30 
810 37.77 -0.16 2.49 0.34 0.25 
Table 4. (continued) 
Location Date' 
Fungicide 
Treatment 
(LAI'') 
Wavelength 
(nm) Intercept Slopc*^ F-statistic SEE> 
Ames 29 August Chlorothalonil 460 1.52 0.036** 76.02 0.95 0.01 
1998 (4.10) 510 2.07 0.023** 7.14 0.44 0.03 
560 4.70 0.00 0.13 0.01 0.07 
610 3.58 0.043** 17.61 0.69 0.03 
660 1.65 0.042** 24.37 0.83 0.02 
710 12.36 -0.081** 30.86 0.72 0.06 
760 47.90 -0.93** 82.37 0.79 0.54 
810 50.56 -1.05** 76.39 0.77 0.64 
Control 460 1.65 0.00 0.05 0.00 0.05 
(3.25) 510 2.18 -0.025* 5.10 0.23 0.05 
560 5.02 -0.070** 15.38 0.40 0.10 
610 3.99 -0.043* 4.83 0.28 0.08 
660 1.84 0.0058 0.28 0.03 0.04 
710 12.64 -0.25** 19.99 0.43 0.32 
760 41.57 0.86** 16.68 0.38 1.23 
810 43.49 -0.85** 13.53 0.33 1.36 
"October, 1 1997 = day of year (doy) 274; 4 October 1997 == doy 277; HJuly 1998 = doy 195;29 August 1998 = doy241. 
^ LAI = leaf area index. Chlorothalonil-treated alfalfa canopies had the highest LA! and non-fungicide-treated (control) plots had 
the lowest LAI values. 
Single and double asterisks indicate slopes are statistically different from zero based on F-statistics at the P ^ 0.05 and P < 0.01 
levels, respectively. 
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Figure 1. Percentage of sunlight reflected from alfalfa canopies in 8 wavelength bands 
at the highest and lowest incident radiation levels on (A) 3 May 1997 in Ames, (B) 26 
August 1997 in Nashua, (C) 30 June 1999 in Nashua, and (D) 19 July 1999 in Ames, lA. 
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Figure 2. Effect of sun angle (time of day) on the percentage of sunlight reflected from alfalfa 
canopies for the 810 nm wavelength band on: (A) 7 June 1997 in Ames, (B) 18 July 1997 
in Ames, (C) 30 August 1997 in Ames, and (D) 31 August 1997 in Nashua, lA. 
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Figure 3. Relationships between time of day (hour) and percentage reflectance of 
sunlight from alfalfa canopies in the near-infrared wavelength bands (760 and 810 nm) 
for the nonfungicide treated control alfalfa plots in 1997 in Ames and Nashua, lA. 
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Figure 4. Effect of leaf wetness on the percentage of sunlight reflected from three alfalfa 
canopy sites, (A), (B), and (C) in the 8 wavelength bands when 500 ml/m" of water 
was applied to alfalfa canopies on 22 June 2000 in Ames, LA. 
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Figure 5. Relationships between water amount applied to alfalfa canopies and percentage 
reflectance (A, C, and E), and linear relationships between water amount (under 500 g/m^) 
applied with percentage reflectance (B, D, and F) at three different leaf area index levels on 
22 June 2000 in Ames, lA. 
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Figure 6. Percentage of sunlight reflected from chlorothalonil-treated alfalfa canopies at 
different sensor heights for 8 wavelength bands on (A) 14 July 1998 in Ames, (B) 29 August 
1998 in Ames, (C) 1 October 1997 in Ames, and (D) 4 October 1997 in Nashua, lA. 
Sensor height was adjusted using lift-bucket (A, B), or by changing the length of the 
supporting pole of the radiometer (C, D). 
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Figure 7. Effect of incident radiation on percentage reflectance (810 nm) reflected 
from (A) soybean canopies, (B) turfgrass canopies, (C) green cloth, and (D) concrete 
in Ames, lA. 
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1997 in Nashua, lA, and (B) relationship between incident radiation and sun angle 
for 31 August 1997 in Nashua, lA. 
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turfgrass and oat canopies in Ames, LA.. 
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CHAPTER 3. INTRA-RATER REPEATABILITY AND INTER-RATER 
RELIABILITY OF VISUAL DISEASE AND REMOTE SENSING ASSESSMENT 
METHODS FOR QUANTIFYING ALFALFA FOLIAR DISEASES 
A paper to be submitted to Plant Disease 
J. Guan and F. W. Nutter, Jr. 
Abstract 
The precision of visual disease and remote sensing assessment methods for the alfalfa 
foliar diseases pathosystem was studied. Precision was defined as the intra-rater repeatability 
plus inter-rater reliability associated with visual versus remote sensing assessment methods. 
Visual disease assessments were performed by four raters by visually assessing disease 
incidence, disease severity, and percentage defoliation of ten alfalfa stems per plot. Remote 
sensing assessments were performed by the same four raters using a hand-held, multispectral 
radiometer to measure the percentage of sunlight reflected from alfalfa canopies. F-statistics, 
intercepts, slopes, coefficients of determination (R"), standard errors of the estimate for y 
(SEEy), and coefficients of variation (CV) were used to quantify and compare the reliabilities 
and repeatabilities of assessment methods. Among the three visual disease assessment 
methods, percentage defoliation had the best intra-rater repeatabilities and inter-rater 
reliabilities as indicated by F-statistics, intercepts, slopes, R" values, SEEy values and CV 
values. Coefficients of determination for intra-rater repeatabilities and inter-rater reliabilities 
using visual disease incidence and disease severity ranged from 0.15 to 0.95, whereas 
coefficients of determination for intra-rater repeatabilities and inter-rater reliabilities for 
percentage defoliation assessments ranged from 0.89 to 0.97. Intra-rater repeatabilities and 
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inter-rater reliabilities using the remote sensing assessment method ranged from 0.87 to 0.99. 
SEEy and CV values for intra-rater repeatabilities and inter-rater reliabilities using remote 
sensing assessments were approximately one-half of the values of the visual percentage 
defoliation assessment method. Our results show conclusively that percentage reflectance 
assessments had greater precision (smaller standard errors of the estimate for y and lower 
coefficients of variation) compared with all three visual assessment methods. 
Introduction 
Alfalfa (Medicago saliva L.) is the most important forage crop grown in the world 
(26). It plays an important role in soil conservation and in improving soil nitrogen (10, 26). 
Alfalfa is the third largest crop in Iowa with over 1 million acres in production (24) and it is 
estimated that more than 24 million acres of alfalfa are currently in production in 
the United States. 
A number of plant pathogens can cause foliar diseases of alfalfa (4, 9, 11, 14, 26). 
The most prevalent and damaging foliar pathogens in Iowa are Plioma medicaginis Malbr. & 
Roam. var. medicaginis Boerema (spring black stem and leaf spot), Cercospora medicaginis 
Ellis & Everh. (summer black stem and leaf spot), Pseudopeziza medicaginis (Lib.) Sacc. 
(common leaf spot), and Leptosphaendina briosiana (Pollaci) J. H. Graham & Luttrell 
(Leptosphaerulina leaf spot) (24). 
Foliar diseases can cause severe reductions in forage yields (crop loss) as well as 
reductions in forage quality (1-4, 6, 26). The acquisition of accurate and precise disease 
assessment data is critical to properly evaluate disease management strategies, and to 
quantify the relationships between disease intensity and yield losses. Thus, accurate and 
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precise assessments are crucial prerequisites for growers to make cost-effective management 
decisions. 
Disease assessment is the process of quantitatively measuring disease intensity within 
a host population (17, 21). Traditionally, visual disease assessment methods have been 
employed most often by plant pathologists to measure disease intensity (16). These methods 
rely upon the human eye and brain to assess (quantify) disease intensity within a host 
population. Visual disease assessment methods include (i) disease incidence (the number of 
diseased sampling units divided by the total number of sampling units assessed x 100), (ii) 
disease severity (the diseased leaf area divided by the total leaf area x 100), and (iii) 
percentage defoliation (the number of defoliated leaves divided by the total number of leaves 
that should be present x 100). Remote sensing is an alternative method that can be used to 
assess the effects of diseases on crop health. Remote sensing is defined as the acquisition of 
measurements obtained from a sampling unit by instruments without direct physical contact 
between the measuring device and the sampling unit (13, 16). 
Accuracy can be defined as a measure of the closeness of a disease assessment to the 
true value (5, 23). Precision can be generally defined as a measure of the repeatability and 
reliability of disease assessments performed on the same sampling units by one or more 
raters or instruments (21, 23). Repeatability can be defined as a measure of the relationship 
between initial and repeated assessments performed by the same individual or instrument 
(intra-rater repeatability) on the same sampling units, and reliability can be operationally 
defined as a measure of the consistency of disease assessments between or among raters that 
were performed on the same sampling units (inter-rater reliability) (21, 23). 
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Nutter et al. used linear regression to relate two sets of assessments (initial and 
repeated assessments) obtained by the same raters for the same sampling units to measure the 
intra-rater repeatability of different assessment methods (21, 23). Regression was also used 
to relate assessments performed by different raters on the same sampling units to quantify 
inter-rater reliability (21, 22, 25). Slopes, intercepts, coefficients of determination (R"), 
standard errors of the estimate for y (SEEy), and coefficients of variation (CV) were used to 
evaluate and quantify the precision of raters and assessment methods (15, 21, 22, 23). To 
date, no information is available to determine what is the best method (in terms of accuracy 
and precision) to assess injury caused by foliar diseases of alfalfa. The objectives of this 
study were to (i) quantify and compare the intra-rater repeatabilities and inter-rater 
reliabilities of three visual disease assessment methods (disease incidence, disease severity, 
and percentage defoliation), and (ii) quantify and compare the intra-rater repeatabilities and 
inter-rater reliabilities of the best visual disease assessment method with a remote sensing 
assessment method. 
Materials and Methods 
Experimental design. Alfalfa stands were established with cultivar "ICI 630" at the 
Iowa State University Northeast Research Farm in Nashua in 1996 and in Ames in 1999. 
Foliar disease epidemics were allowed to develop naturally, except that fungicides were used 
as a tool to obtain a broad range of disease intensities to facilitate this study. Four fungicides 
(mancozeb, propiconazole, cupric hydroxide, and chlorothalonil), which vary in efficacy to 
control foliar diseases of alfalfa, were applied once or twice per growth cycle to generate an 
even broader range of foliar disease levels. The initial fungicide application was applied 
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when the alfalfa was approximately 15 cm high, and the repeated fungicide application (if 
required) was applied 10 to 14 days later. All fungicides were applied in 718 L water 
equivalent per ha using a C02-pressurized boom sprayer at 40-psi (276 kPa). The 
experimental design was a randomized complete block with ten treatments and three 
replications. There were 30 plots in total and each plot was 7.5 m long and 1.8 m wide with 
1.2 m borders. 
Visual disease assessments. Ten alfalfa stems were arbitrarily sampled within 3 
days prior to cutting (harvest) from each plot by cutting the stems at the soil line. Stem 
samples were stored in an ice cooler and transported to the laboratory for visual disease 
assessment. Alfalfa stems were visually assessed by four raters, and the visual disease 
assessments were repeated once by each rater. Disease incidence was assessed by counting 
the number of diseased primary leaves divided by the total number of primary leaves 
assessed on each alfalfa stem x 100. Disease severity was assessed by estimating the 
percentage of diseased leaf area on each primary leaf (if present) at each node. A 
computerized disease-assessment training program "Alfalfa.Pro" was used to train raters to 
estimate disease severity prior to rating (20). Percentage defoliation was assessed by 
counting the number of primary leaves missing from each node divided by the total number 
of nodes x 100. Each rater assessed the same 10 stems sampled from each of 30 plots in 
random order, and each rater re-assessed the same stem samples in a different random order. 
Remote sensing assessments. The percentage of sunlight reflected from alfalfa 
canopies was measured using a hand-held, multispectral radiometer (CROPSCAN Inc., 
Rochester, MN) within 3 days prior to cutting, and reflectance measurements were repeated 
on the same day by each of the four raters using the same instrument. Both the incident 
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radiation and the radiation reflected from alfalfa canopies were recorded simultaneously in 
eight narrow (50 nm) wavelength bands with midpoint wavelength values at 460, 510, 560, 
610, 660, 710, 760, and 810 nm. All reflectance measurements were obtained using a 2-m 
sensor height. The area of the alfalfa canopy measured for each remote sensing assessment 
was a 1-m-dia circle (the diameter is one-half the sensor height). A bubble spirit level 
mounted on the support pole of the CROPSCAN multispectral radiometer was used to align 
the sensors to the appropriate angle (90°) with respect to the alfalfa canopy. To minimize the 
effect of incident radiation, sun angle, and leaf wetness, all percentage reflectance 
measurements were obtained between 1100 and 1500 hr CST when there was no cloud cover 
and the alfalfa canopies were dry (7, 8). 
Data analysis. Linear regression analysis was used to quantify and compare the 
levels of precision associated with each of the three visual disease assessment methods and a 
remote sensing method. The intra-rater repeatability was quantified by regressing the initial 
set of assessments (x) against the repeated set of assessments (y) performed by the same 
rater. Inter-rater reliability was quantified by regressing the assessments performed by one 
rater against the assessments performed by other raters. F-statistics were used to test the 
significance of linear regression equations and, if significant (P < 0.05), then the slopes, 
intercepts, coefficients of determination (R"), standard error of the estimate for y (SEEy), and 
the coefficient of variation (CV) were used to quantify and compare the intra-rater 
repeatabilities and inter-rater reliabilities of raters and methods. Experiments were 
conducted on two dates in 1998 in Nashua, LA; however, only the data from the first 
experiment are presented, inasmuch as the same results were obtained from the second 
experiment. 
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Results 
Intra-rater repeatability. For visual disease incidence assessments, F-statistics for 
regression equations relating repeated assessments (x) to initial assessments (y) performed on 
the same sampling units were not significant for raters 1, 3, and 4. Intercepts were 42.70, 
-3.50, 62.16, and 38.57 for raters 1-4, respectively. All the intercepts were significantly 
different from zero except for rater 2 (Figure I), indicating the presence of constant bias for 
raters 1, 3, and 4 (21). 
Regression coefficients (slopes) relating the repeated set of disease incidence 
assessments to the initial set of disease incidence assessments performed by the same rater 
were 0.48, 1.02, 0.36, and 0.60 for raters 1-4, respectively. All slopes were significantly 
different from 1.0 except for rater 2, which indicates the presence of systematic bias for 
raters 1, 3, and 4 (21). Coefficients of determination (R~) were 0.09, 0.78, 0.20, and 0.18 for 
the four raters, respectively, indicating that only rater 2 had acceptable precision (R~ = 0.78) 
when assessing disease incidence. Standard error of the estimate for y values for intra-rater 
repeatabilities among the four raters were 1.16, 0.76, 1.66, and 1.27, respectively, indicating 
that rater 2 had the best precision for a predicted y. Coefficient of variation values for the 
four raters were 1.41, 0.82, 1.75, and 1.32, respectively, indicating that rater 2 had the best 
precision using this assessment method. 
For disease severity assessments, F-statistics for regression equations relating 
repeated assessments (x) to initial assessments (y) performed on the same sampling units 
were significant only for raters 1 and 4 (Figure 2). Intercepts were -1.10, 4.99, 8.63, and 0.36 
for the four raters, respectively. Intercepts for raters 1 and 4 were not significantly different 
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from zero, whereas intercepts for raters 2 and 3 were significantly different from zero. This 
indicates the (significant) presence of constant bias for raters 2 and 3. 
Regression coefficients (slopes) relating the repeated set of disease severity 
assessments to the initial set of disease severity assessments were 1.01, 0.49, 0.43, and 0.96 
for raters 1-4, respectively. Slopes for raters 1 and 4 were not significantly different from 
1.0. whereas slopes for raters 2 and 3 were significantly different from 1.0, indicating the 
(significant) presence of systematic bias for raters 2 and 3 when using this assessment 
method. 
Coefficients of determination (R") were 0.82, 0.44, 0.16, and 0.95 for the four raters, 
respectively, indicating that the repeated assessments performed by raters 1-4 explained 82, 
44, 16, and 95% of the variation in the initial disease severity assessments using this 
assessment method. 
Standard errors of the estimate for predicted y values for intra-rater repeatabilities 
among the four raters were 0.81, 1.67, 1.57, and 0.29% for the four raters, respectively, 
indicating that rater 4 had the best precision for a predicted y. Coefficients of variation for 
the four raters were 7.70, 12.78, 10.12, and 12.97, respectively, indicating that rater 1 had the 
best precision using this assessment method. 
For percentage defoliation assessments, F-statistics for regression equations relating 
repeated assessments (x) to initial assessments (y) performed on the same sampling units 
were significant for all four raters (Figure 3). Intercepts were 3.98, -5.75, 2.04, and -1.30 for 
the four raters, respectively, and intercepts were not significantly different from zero for all 
raters, indicating the absence of constant bias for all four raters using this disease assessment 
method. 
92 
Regression coefficients (slopes) relating the repeated set of percentage defoliation 
assessments to the initial set of percentage defoliation assessments were 0.90, 1.09, 0.98, and 
1.02 for the four raters, respectively, and these slopes were not significantly different from 
1.0. This indicates the absence of systematic bias for all four raters. Coefficients of 
determination (R") were 0.97, 0.97, 0.95, and 0.97 for the four raters, respectively, indicating 
that 97, 97, 95, and 97% of the variation in the initial set of percentage defoliation 
assessments was explained by the repeated set of disease assessments for the four raters, 
respectively. Standard errors of the estimate for y for intra-rater repeatability equations 
among the four raters were 0.77, 0.79, 1.08, and 0.94% for the four raters, respectively, 
indicating rater 1 had the best precision for a predicted y. Coefficients of variation were 
1.93, 1.96, 2.54, and 2.23 for the four raters, respectively, indicating rater 1 had the best 
precision using this assessment method. 
Thus, the percentage defoliation assessment method had the best precision among the 
three visual assessment methods (disease incidence, disease severity, and percentage 
defoliation) based on intra-rater repeatabilities. Moreover, raters that had high intra-rater 
repeatabilities using one visual assessment method did not necessarily have acceptable levels 
of intra-rater repeatabilities when using other visual assessment methods. 
For reflectance assessments in the 810 nm wavelength band, F-statistics for 
regression equations relating repeated assessments (x) to initial assessments (y) performed on 
the same sampling units were significant for all four raters (Figure 4). Intercepts were 5.70, -
0.15, 3.19, and 2.65 for the four raters, respectively, and none of the intercepts was 
significantly different from zero. This indicates the absence of constant bias for all four 
raters using this (remote sensing) assessment method. 
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Regression coefficients (slopes) relating the repeated set of reflectance assessments to 
the initial set of reflectance assessments were 0.87, 1.00, 0.91, and 0.96 for raters 1-4, 
respectively, and these slopes were not significantly different from l.O, indicating that no 
systematic bias was present for any of the four raters using the reflectance assessment 
method. Coefficients of determination (R") were 0.98, 0.98, 0.94, and 0.99 for the four 
raters, respectively, indicating that 98, 98, 94, and 99% of the variation in the initial 
assessments could be explained by the repeated remote sensing assessments for the four 
raters, respectively. Standard errors of the estimate for y values for intra-rater repeatabilities 
among the four raters were 0.27, 0.38, 0.56, and 0.25%, respectively, indicating that the 
remote sensing method was highly precise. Coefficients of variation for the four raters were 
0.61, 0.83, 1.27, and 0.54 for the four raters, respectively, which also indicates that the 
remote sensing method was much more precise than any of the three visual assessment 
methods. 
Inter-rater reliability. For disease incidence assessments, F-statistics for regression 
equations relating assessments among different raters performed on the same sampling units 
were only significant for regression equations relating rater 2's assessments to rater 4's 
assessments (Table 1). Intercepts for all six regression equations for disease incidence 
assessments performed by different raters ranged from 6.06 to 58.63, and all intercepts were 
significantly different fi-om zero except for rater 2 versus rater 4. This indicates the presence 
of constant bias among raters in five out of six cases when disease incidence was used as the 
visual assessment method. 
Slopes relating assessments among different raters performed on the same sampling 
units ranged from 0.25 to 0.90 for all the inter-rater regression equations, and all slopes were 
94 
significantly different from 1.0 with the exception of rater 2 versus rater 4. This indicates the 
presence of systematic bias among raters in five out of six cases when disease incidence was 
used as the visual method to assess disease intensity. Coefficients of determination ranged 
from 0.15 to 0.59 for all the inter-rater regression equations, indicating that only 15 to 59% 
of the variation in one rater's assessments could be explained by assessments performed by 
other raters. Standard errors of the estimate for y ranged from 0.97 to 1.58%, indicating the 
standard error for a predicted y value based on one rater's assessments will be +/- 0.97 to 
1.58%. Coefficients of variation ranged from 1.13 to 1.67 for all the inter-rater reliability 
regression equations, indicating that the variation associated with this method is quite low. 
For disease severity assessments, F-statistics for regression equations relating disease 
incidence assessments performed by different raters for the same sampling units were 
significant for the regression equations relating rater 1 to rater 2, rater 1 to rater 4, rater 2 to 
rater 4, and rater 3 to rater 4 (Table 1). For other inter-rater regression equations (rater 1 
versus 3 and rater 2 versus 3), F-statistics were not significant. Intercepts for all the 
regression equations among disease severity assessments performed by different raters 
ranged from - 1.71 to 4.06, and six intercepts were not significantly different from zero except 
for rater 3 versus rater 4, indicating that constant bias was only present between rater 3 and 4 
using the disease severity (visual) assessment method. Slopes for inter-rater reliabilities 
among raters ranged from 0.52 to 1.53, and all slopes were significantly different from 1.0, 
with the exceptions of rater 1 versus rater 4 and rater 3 versus rater 4. This indicates the 
presence of systematic bias between raters, except rater I versus rater 4 and rater 3 versus 
rater 4. Coefficients of determination ranged from 0.22 to 0.74 for the six inter-rater 
regression equations, indicating that 22 to 74% of the variation in one rater's assessments 
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could be explained by the assessments performed by other raters. Standard errors of the 
estimate for y ranged from 0.88 to 1.75%, indicating the standard error using other raters' 
assessments to predict one individual's assessments will range from +/- 0.88 to 1.75%. 
Coefficients of variation ranged from 5.67 to 15.99 for the six inter-rater regression 
equations, indicating that unexplained error in one individual rater using other raters' 
assessments ranged from 5.67 to 15.99%. 
For percentage defoliation assessments, F-statistics for regression equations relating 
percentage defoliation assessments among raters performed on the same sampling units were 
all significant. Intercepts for the six regression equations ranged from 2.45 to 5.26, and all 
six intercepts were not significantly different from zero, indicating the absence of constant 
bias among raters using the percentage defoliation assessment method (Table 1). Slopes 
ranged from 0.83 to 0.95 for the six inter-rater reliability regression equations, and all slopes 
were not significantly different from I.O, indicating the absence of systematic bias among 
raters using the percentage defoliation assessment method. 
Coefficients of determination ranged from 0.89 to 0.96 for the six inter-rater 
regression equations, indicating that 89 to 95% of the variation in percentage defoliation 
assessments performed by one individual rater were explained by percentage defoliation 
assessments performed by other raters. Standard errors of the estimate for y ranged from 
0.89 to 1.50%, indicating that the standard error for a predicted y will be +/- 0.89 to 1.50%. 
Coefficients of variation values ranged from 2.22 to 3.65 for the six inter-rater reliability 
regression equations, indicating that precision using this method was very high. 
For percentage reflectance assessments, F-statistics for regression equations relating 
reflectance assessments among raters performed on the same sampling units were significant 
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for all six regression equations (Table 1). Intercepts for all six regression equations for 
percentage reflectance assessments performed by different raters ranged from -3.04 to 9.11 
and were not significantly different from zero except for rater 1 versus rater 2, indicating the 
absence of constant bias among reflectance assessments performed by different raters in five 
of the six cases. Slopes ranged from 0.78 to 1.06 for all six inter-rater reliability regression 
equations and were all not significantly different from 1.0 except for rater 1 versus rater 2, 
indicating the absence of systematic bias among raters using the remote sensing assessment 
method in five of the six cases. 
Coefficients of determination ranged from 0.87 to 0.95 for all the inter-rater 
regression equations, indicating that 87 to 95% of the variation in percentage reflectance 
assessments performed by one rater were explained by reflectance assessments performed by 
other raters. Standard errors of the estimate for y ranged from 0.51 to 0.85, indicating the 
precision using the remote sensing assessment method was much higher than rater's visually 
assessed disease intensity. Coefficients of variation ranged from 1.16 to 1.84 for all the inter-
rater reliability regression equations, indicating that reflectance assessments had higher inter-
rater reliabilities than visual percentage defoliation assessments 
For example, inter-rater reliability equations for rater 2 versus 4 using visual disease 
incidence, disease severity, percentage defoliation, and percentage reflectance methods are 
presented in Figure 5. Based on intercepts, slopes, coefficients of determination, SEEy, and 
CV values, the percentage defoliation assessment method had the best inter-rater reliability 
among the three visual disease assessment methods (disease incidence, disease severity, and 
percentage defoliation) but the remote sensing assessment method had the best inter-rater 
reliability among all four assessment methods. 
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Discussion 
Disease assessment methods should be precise (repeatable and reliable), accurate, 
easy to obtain and use, and have good relationship with yield (17). Disease management 
programs require accurate, precise, and timely disease assessment to make cost-effective 
management decisions. Theoretically, integrated disease management tactics are employed 
to prevent yield losses from exceeding the economic damage threshold (27). The damage 
threshold that triggers the decision to deploy a specific management tactic is known as the 
action threshold. Action thresholds are based on the present level of disease intensity, 
because present disease intensity levels are assumed to have a close relationship to future 
disease intensity levels (23). Thus, precise, accurate, and timely disease assessments are 
crucial for making timely, cost-effective disease management decisions. 
Disease severity and disease incidence assessments in the alfalfa foliar disease system 
are not good indicators of the injury caused by foliar diseases, because the one rater's initial 
assessments were often significantly different from their repeated assessments. If disease 
severity and incidence are used to make disease management decisions, completely different 
decisions could be made because these assessment methods lacked acceptable intra-rater 
repeatabilities. 
Based on all the statistical evaluation criteria, the percentage defoliation assessment 
method had the highest precision among the three visual disease assessment methods (disease 
incidence, disease severity, and percentage defoliation) because F-statistics of all intra-rater 
repeatability and inter-rater reliability regression equations using this assessment method 
were significant for all four raters. In addition, intercepts were not significantly different 
from zero, and slopes were not significantly different fi-om l.O. Furthermore, coefficients of 
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determination (R~ values) for regression equations relating the repeated set of percentage 
defoliation assessments to the initial set of percentage defoliation assessments for each of the 
four raters and coefficients of determination for regression equations relating percentage 
defoliation assessments performed by one rater to those performed by other raters were much 
higher compared with R~ values for the disease incidence and disease severity methods. 
Disease incidence was defined as the number of diseased primary leaves divided by the total 
number of primary leaves assessed x 100 and this assessment method may not provide a 
good measure of disease stress (injury) because only a single, small lesion is required to 
change the status of a leaf fi-om being healthy to being diseased. 
Disease severity was defined as the diseased leaf area divided by the total leaf area x 
100. Besides being the most subjective of the three visual assessment methods, in this 
method severely disease leaves were not likely to be assessed because these leaves were shed 
(defoliated) when disease severity reached approximately 20%. 
Percentage defoliation data were obtained by counting the number of defoliated 
primary leaves on each node divided by the total number of nodes for each alfalfa stem x 
100. Because infected leaves prematurely defoliate and defoliation is directly related to 
alfalfa yield, this method provides the best measure of disease stress on alfalfa yield and 
quality. Thus, if only visual disease assessment methods are available, the percentage 
defoliation assessment method is recommended over the disease incidence and disease 
severity assessment methods to assess the disease intensity of alfalfa foliar diseases. 
Because different raters had different levels of disease assessment experience, intra-
rater repeatabilities for different raters are different. For disease incidence assessments, 78% 
of the variation in the initial set of disease incidence assessments performed by rater 2 was 
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explained by the repeated set of disease incidence assessments, whereas for the other three 
raters, less than 20% of the variation in the initial set of disease incidence assessments should 
be explained by a repeated set of disease incidence assessments. 
Raters 1 and 4 had higher precision than raters 2 and 3 to assess disease severity; 82% 
and 95% of the variation in the initial set of disease severity assessments performed by raters 
I and 4 could be explained by their repeated disease severity assessments, respectively. For 
raters 2 and 3, only 44 and 16%, respectively, of the variation in the initial set of disease 
severity assessments could be explained by their repeated set of disease severity assessments. 
This may be due to the fact that raters I and 4 had much more experience assessing disease 
severity than raters 2 and 3. 
The percentage reflectance assessment method had the best precision based on all the 
statistical evaluation criteria (F-statistics, intercepts, slopes, coefficients of determination, 
and SEEy and CV values). Compared with the best visual disease assessment method 
(percentage defoliation), percentage reflectance assessments had higher levels of precision 
because the SEEy and CV values for the regression equations relating the repeated set of 
reflectance assessments to the initial set of reflectance assessments performed by each of the 
four raters (intra-rater repeatabilities) were approximately one-half of the SEEy and CV 
values for intra-rater repeatability regression equations using the percentage defoliation 
method. For the inter-rater reliability regression equations using reflectance assessments, the 
SEEy and CV values were also approximately one-half of those for the inter-rater reliability 
regression equations using the percentage defoliation assessment method. These results 
clearly indicate that reflectance assessments had greater precision than visual percentage 
defoliation assessments. 
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Not only did reflectance assessments have the best precision compared with all three 
visual disease assessment methods, but also, it took approximately eight times longer to 
obtain visual percentage defoliation assessments than to obtain remote sensing reflectance 
assessments. In addition, many previous research studies have shown that percentage 
reflectance assessments obtained in 810 nm wavelength band have a much better relationship 
with crop yield and green leaf area index (GLAJ) than visual percentage defoliation disease 
assessments (18, 19). Furthermore, the remote sensing assessment method can be used to 
assess plant canopies both nondestructively and noninvasively over time (12, 13, 17). Raters 
without much experience can obtain assessments with very high intra-rater repeatabilities and 
inter-rater reliabilities. Thus to quantify the impacts of a plant pathogen on crops, the 
percentage reflectance assessment method meets all of the defined assessment criteria 
(precision, ease of use, speed, related to yield, noninvasive, and nondestructive) and is clearly 
superior to visual disease assessment methods. 
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Table I. The F-statistics, intercepts, slopes, coefficients of determination (R"), standard errors 
of the estimate for y (SEEy), and coefficients of variation (CV) for the inter-rater reliabilities 
using visual disease assessments (disease incidence, disease severity, and defoliation) versus 
remote sensing assessments for the experiment conducted on 16 July 1998 in Nashua, lA 
Assessment 
Methods F-statistic Intercept Slope' R- SEEy CV 
Disease Incidence 
Rater 1 vs. 2 2.43 49.14 0.36 0.23 1.06 1.29 
Rater 1 vs. 3 1.36 58.63 0.25 0.15 1.12 1.36 
Rater 1 vs. 4 4.49 32.29 0.52 0.36 0.97 1.18 
Rater 2 vs. 3 4.45 42.54 0.53 0.36 1.31 1.42 
Rater 2 vs. 4 11.55 6.06 0.90»* 0.59 1.05 1.13 
Rater 3 vs. 4 3.09 27.31 0.70 0.28 1.58 1.67 
Disease Severitj' 
Rater 1 vs. 2 5.10 3.54 0.53* 0.39 1.48 14.15 
Rater 1 vs. 3 2.26 2.43 0.52 0.22 1.68 15.99 
Rater 1 vs. 4 7.45 0.25 1.06* 0.48 1.37 13.03 
Rater 2 vs. 3 4.93 0.64 0.80 0.38 1.75 13.41 
Rater 2 vs. 4 21.71 -1.71 1.53** 0.73 1.15 8.84 
Rater 3 vs. 4 22.45 4.06 1.19** 0.74 0.88 5.67 
Defoliation 
Rater 1 vs. 2 64.02 2.59 0.92*=^ 0.89 1.46 3.65 
Rater 1 vs. 3 111.13 4.26 0.84** 0.93 1.14 2.84 
Rater 1 vs. 4 186.70 5.01 0.83** 0.96 0.89 2.22 
Rater 2 vs. 3 67.53 4.80 0.84** 0.89 1.50 3.59 
Rater 2 vs. 4 113.74 5.26 0.84** 0.93 1.15 2.83 
Rater 3 vs. 4 161.54 2.45 0.95»* 0.95 1.10 2.57 
Reflectance (810 nm) 
Rater 1 vs. 2 55.57 9.11 0.78** 0.87 0.75 1.66 
Rater 1 vs. 3 81.85 5.64 0.89** 0.91 0.63 1.40 
Rater 1 vs. 4 118.57 4.46 0.86** 0.94 0.53 1.18 
Rater 2 vs. 3 63.23 -0.56 1.06** 0.89 0.85 1.84 
Rater 2 vs. 4 165.63 -3.04 1.04** 0.95 0.54 1.18 
Rater 3 vs. 4 148.60 0.45 0.92** 0.95 0.51 1.16 
^ Single and double asterisks indicate slopes are statistically different from zero at P < 0.05 
and P < 0.01 level, respectively. 
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Figure 1. Intra-rater repeatability of four raters visually assessing alfalfa foliar disease incidence 
on 16 July 16 1998 in Nashua, lA. 
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Figure 2. Intra-rater repeatability of four raters visually assessing alfalfa foliar disease severity 
on 16 July 1998 in Nashua, L\. 
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Figure 3. Intra-rater repeatability of four raters visually assessing alfalfa foliar defoliation on 
16 July 1998 in Nashua, lA. 
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Figure 4. Intra-rater repeatability of four raters measuring percentage reflectance of 
sunlight (810 nm) from ten alfalfa fungicide treatments on 16 July 1998 in Nashua, lA. 
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Figure 5. Inter-rater reliabilities for raters 2 versus 4 using (A) disease incidence, (B) disease 
severity, (C) defoliation, and (D) reflectance (810 nm) from ten alfalfa fungicide treatments 
on 16 July 1998 in Nashua, lA. 
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CHAPTER 4. COMPARISON OF ALFALFA YIELD MODELS BASED ON 
VISUAL DISEASE INTENSITY AND REMOTE SENSING ASSESSMENTS 
A paper to be submitted to Phytopathology 
J. Guan and F. W. Nutter, Jr. 
Abstract 
Field experiments were conducted to quantify and compare the relationships between 
visual disease intensity assessments and alfalfa yields versus percentage reflectance 
measurements (from alfalfa canopies) and alfalfa yields. A broad range of disease levels in 
alfalfa was achieved by varying the timing and efficacy of fungicides at two locations in 
Iowa (Ames and Nashua). Percentage defoliation of alfalfa leaves was assessed weekly by 
arbitrarily sampling 10 alfalfa stems from each plot and visually assessing the presence or 
absence of the primary leaves on the primary nodes of each stem. The amount and quality of 
sunlight reflected from alfalfa canopies was also measured weekly using a handheld, 
multispectral radiometer. Single-point and area under the curve (AUG) yield models were 
constructed by regressing percentage reflectance (810 run) from alfalfa canopies or 
percentage defoliation (x) against alfalfa yield (y). Yield models based on visual disease 
intensity assessments (incidence, severity, defoliation) and remote sensing assessments 
performed just prior to cutting (harvest) were developed and compared. Significant 
relationships between percentage defoliation, percentage reflectance (810 nm), with yield 
were detected using linear regression. Significant relationships between percentage 
defoliation assessments and alfalfa yields were detected for 10 out of the 16 harvest dates, 
whereas significant relationships between percentage reflectance assessments and alfalfa 
I l l  
yields were detected for 13 out of the 16 har\'est dates. Single-point yield models based on 
percentage defoliation assessments explained 46% of the variation in alfalfa yields (averaged 
over the 13 harvest dates), whereas single-point models based on percentage reflectance 
assessments explained 71% of the variation in alfalfa yields (averaged over the 13 harvest 
dales). Standard errors of the estimate for y ranged from 0.53 to 1.17 x 10^ kg/ha for single-
point models based on percentage defoliation assessments and from 0.37 to 1.04 x 10^ kg/ha 
for single-point models based on percentage reflectance measurements. Averaged over the 
13 growth cycles, SEEy values were 0.82 x 10^ kg/ha for percentage defoliation yield models 
compared with 0.59 x 10^ kg/ha for reflectance-based models. Significant relationships 
between area under the percentage defoliation curves (AUDC) and alfalfa yield were 
detected for 4 out of 16 growth cycles, whereas significant relationships between area under 
the percentage reflectance curves (AURC) and alfalfa yield were detected for 12 out of 16 
growth cycles. Averaged over the 12 significant AUC yield models, AUDC-based models 
explained 34% of the variation in alfalfa yield, whereas ALFRC-based models explained 56% 
of the variation in alfalfa yield. Standard errors of the estimate for y ranged from 0.56 to 
1.23 X 10^ kg/ha for AUDC-based models and from 0.47 to 1.09 x 10" kg/ha for AURC-
based models. Standard errors of the estimate for y were 0.93 x 10^ kg/ha for AUDC-based 
models compared with 0.76 x 10" kg/ha for AURC-based models averaged over the 12 
growth cycles. This study conclusively demonstrates that reflectance-based models have a 
better relationship with alfalfa yield than yield models based on visual percentage defoliation 
assessments. Alfalfa yield models based on percentage reflectance assessments also had 
better precision (lower standard errors of the estimate for y) than models based on percentage 
defoliation assessments. 
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Introduction 
Disease assessment is the process of quantitatively measuring disease intensity in a 
host population (2, 12, 29, 33, 35). Traditionally, plant pathologists have relied heavily on 
using visual disease assessment methods to assess disease intensity. These methods rely 
upon the human eye and brain to assess (quantify) disease intensity within a host population 
(26, 29). E.xamples of different visual disease assessment methods include disease incidence 
(the number of diseased leaves divided by the total number of leaves assessed x 100), disease 
severity (the diseased leaf area divided by the total leaf area x 100), and percentage 
defoliation (the number of defoliated leaves divided by the total number of leaves that should 
be present x 100). External factors such as lesion size, lesion number, light intensity (either 
in the laboratory or in the field), and fatigue can all adversely affect the accuracy and 
precision of visual disease assessments. Thus, visual assessment methods are often highly 
subjective and imprecise (20, 26, 28, 34, 40). Therefore, the accuracy and precision of 
visually obtained disease intensity assessments for model development may be questionable 
(11.26, 33,40,44). 
Remote sensing is an alternative method to assess the effects of disease on a host 
population. Remote sensing is defined as the acquisition of measurements from a sampling 
unit by instruments without physical contact between the measuring device and the sampling 
unit (26, 28). A major advantage of remote sensing is that plant canopies (sampling units) 
can be repeatedly assessed nondestructively and noninvasively (25, 26). Handheld, 
multispectral radiometers are among the most common types of remote sensing instruments 
being used in plant pathology to assess the effects of disease stress (injury) on crop health 
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and productivity (26, 27, 29, 30). Plants may respond to disease stress in a number of ways, 
including leaf lesions (chlorosis or necrosis of photosynthetic plant parts), leaf curling, 
stunting, wilting, and defoliation (29). While many of these responses are difficult to 
visually quantify with acceptable levels of accuracy, precision, and speed, these same plant 
responses also affect the amount and quality of electromagnetic radiation reflected from plant 
canopies (26, 28, 29). Thus, remote sensing instruments that measure and record changes in 
electromagnetic radiation may provide a better means to objectively quantify disease stress 
(27,31,34). 
Alfalfa {Medicago saliva L.) is one of the most important forage crops grown 
worldwide (41); however, a number of plant pathogens (7, 21, 38, 41, 42) can cause 
reductions in alfalfa yield and quality (3, 4, 6, 7, 13, 41). The most prevalent and damaging 
foliar diseases of alfalfa in Iowa are caused by fungi. These diseases are spring black stem 
and leaf spot (Phonia medicaginis Malbr. & Roum. var. medicaginis Boerema), summer 
black stem and leaf spot {Cercospora medicaginis Ellis & Everh.), common leaf spot 
{Pseudopeziia medicaginis (Lib.) Sacc.), and Leptosphaerulina leaf spot {Leptosphaendina 
briosiana (Pollaci) J. H. Graham & Luttrell) (38). 
Since most alfalfa foliar pathogens are polycyclic in nature, the logistic model 
dy/dt = ry(l-y) best describes disease progress in alfalfa crops (8). In this equation, y is the 
proportion of diseased host tissue, 1-y is the proportion of the healthy (nondiseased) tissue, 
and r is the estimated rate of disease progress. Visual disease assessment methods provide 
estimates of y, expressed as a proportion of the total amount of plant tissue, while remote 
sensing assessments can provide estimates of 1-y in absolute units (e.g., kg dry weight, green 
leaf area index, etc.) rather than in proportional units (1, 10, 17, 18, 31). Therefore, remote 
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sensing measurements should have a strong relationship with crop biomass and yield. It is 
hypothesized that reflectance measurements from alfalfa canopies will also have a better 
relationship with yield than visual (proportional) estimates of disease intensity y. If this 
hypothesis is true, then yield (or yield loss prediction) models based on remote sensing 
measurements should estimate crop yields with greater accuracy and precision than yield 
models based on visual (proportional) disease intensity assessments. 
There are three types of empirical yield loss models that can be used to quantify the 
relationships between disease intensity (or remote sensing) assessments with crop yield (or 
yield loss) (8, 29, 43). These are single (critical)-point models, multiple-point models, and 
area under the cur\'e (AUC) models. Single-point models relate disease intensity (or remote 
sensing) assessments performed at one specific time during the growing season (or at a 
specific growth stage of the host) with yield (or yield loss). Multiple-point models relate 
disease intensity (or remote sensing) assessments performed two or more times during the 
growing season with yield (or yield loss). Since it is difficult to find rational and biological 
explanations for multiple-point models, these models are not widely used in plant pathology 
and were not used in our study (8, 29). AUC models relate the areas under the disease 
intensity (or percentage reflectance) curves with yield (or yield loss). Although several 
research studies have been conducted to quantify the relationships between disease intensity 
and yield in alfalfa (3-5, 7, 13), no research has been conducted to develop and compare 
yield models when using visual disease intensity assessments versus remote sensing 
assessments as the independent (predictive) variable. Thus, the objective of this study was to 
test the hypothesis that single-point and AUC yield models based on remote sensing 
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assessments will have a better relationship with yield than models based on visual disease 
intensity assessments. 
Materials and Methods 
Experimental design and yield. Two alfalfa stands were established using cultivar 
"ICI 630" at the Iowa State University Agronomy Research Farm in Ames and the Iowa State 
University Northeast Research Farm in Nashua in 1995 and 1996, respectively. Field 
experiments were conducted from 1995 to 1997 in Ames and from 1996 to 1998 in Nashua, 
Iowa. Foliar disease epidemics were allowed to develop naturally at both locations, except 
that four fungicides (mancozeb, propiconazole, cupric hydroxide, and chlorothalonil) that 
varied in efficacy to control foliar diseases of alfalfa were employed to obtain a broad range 
of disease intensity levels over time. Additionally, two application frequencies per growth 
cycle (once or twice) were used to generate an even broader range of foliar disease levels. A 
nonsprayed control plus one biological control treatment (CGA-245704, Novartis) were also 
included (total of 10 treatments) to obtain the broadest possible range of disease intensity 
levels (Table 1). The experimental design was a randomized complete block with four 
replications (40 plots at each location). Each plot was 7.5 m long and 1.8 m wide with l.2-m 
nontreated borders. The first fungicide application was deployed when alfalfa was 
approximately 15 cm high. The second fungicide application was deployed 10 to 14 days 
after the first application. All fungicides were applied in 718 L of water per ha equivalent 
using a C02-pressurized boom sprayer operated at 40-psi (276 KPa). Yield (fresh weight) of 
each alfalfa plot was determined by harvesting the middle 0.85-m-wide strip from each plot 
with a sickle bar mower when alfalfa reached approximately 10 % bloom. There were three 
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growth cycles (harvests) per growing season at each location, except in the seeding years, 
(1995 in Ames and 1996 in Nashua), in which case there were two growth cycles (harvests). 
Therefore, the total number of growth cycles (harvests) during the entire experimental period 
for both locations was 16. 
Visual disease intensity assessments. Visual disease intensity assessments were 
performed weekly during each growth cycle. Visual disease assessments began when alfalfa 
stands were 15 cm tall. Typically, there were five to seven assessment dates for each growth 
cycle. Ten alfalfa stems were arbitrarily sampled from each plot by cutting individual alfalfa 
stems at the soil line. Alfalfa stems from each plot were placed in a plastic bag and stored in 
an ice cooler. Samples were then transported to the laboratory and stored in a walk-in cooler 
(4 "O prior to performing disease intensity assessments. Disease incidence was assessed by 
counting the number of diseased primary leaves divided by the total number of primary 
leaves assessed on each alfalfa stem x 100. Disease severity was assessed by estimating the 
percentage of diseased leaf area on each primary leaf present on each primary node, divided 
by the total leaf area x 100. A computerized disease assessment training program 
(Alfalfa.Pro) was used to help train raters to estimate disease severity (32). Percentage 
defoliation was assessed by counting the number of primary leaves missing from each 
primary node divided by the total number of nodes present on a stem x 100. One rater was 
responsible for all visual disease intensity assessments performed on samples obtained from a 
single location. 
Remote sensing assessments. The percentage of sunlight reflected from alfalfa 
canopies was measured using a handheld, multispectral radiometer (CROPSCAN, Inc., 
Rochester, MN). Both the incident radiation and the radiation reflected from alfalfa canopies 
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were recorded simultaneously in eight narrow (50 nm) wavelength bands (midpoint values at 
460. 510, 560, 610, 660, 710, 760, and 810 nm). All percentage reflectance measurements 
were obtained using a sensor height of 2 m above the soil. The area of alfalfa canopy 
measured for each remote sensing assessment was a circle with the diameter equal to one-
half the height of the sensor (1 m dia). A bubble spirit level mounted on the support pole of 
the multispectral radiometer was used to align the sensors to the appropriate angle (90°) with 
respect to the alfalfa canopy. To minimize the effects of incident radiation, sun angle, and 
leaf wetness, all percentage reflectance assessments were obtained on cloud-free days 
between 1100 and 1500 hr CST, when alfalfa canopies were dry (6, 14). 
Yield models. Single-point yield models were developed by regressing visual 
disease intensity assessments with respect to alfalfa yield and by regressing remote sensing 
assessments with respect to alfalfa yield for each sampling date (19, 39). AUC yield models 
were constructed using either area under the percentage defoliation curve (AUDC) or area 
under the reflectance curve (810 nm) (AURC) as independent variable and yield as the 
dependent variable. Areas under the percentage defoliation and reflectance curves were 
calculated using this equation: 
n-1 J 
AUDC or AURC + a ,  . i)) * ( t i .  i -  / / )  
where aj are either percentage defoliation or percentage reflectance assessments obtained on 
the | th assessment date, tj is the ith assessment date, and n is the total number of assessments 
performed during a specific alfalfa growth cycle (4, 8). Since the duration of each growth 
cycle was different, all AUDC and AURC values were standardized by dividing by the total 
number of days for each specific growth cycle. 
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Goodness-of-fit of models were based on the F-statistic for the overall model, the 
coefficient of determination (R~), the standard error of estimate for y (SEEy), and the 
coefficient of variation (CV) (31). The coefficient of determination (R") indicates proportion 
of the variation in alfalfa yield is explained by an independent variable (percentage 
defoliation, percentage reflectance, AUDC, or AURC); the higher the coefficient of 
determination, the more of the variation in alfalfa yield that is explained by the independent 
variable. The standard error of the estimate for y is the square root of the unexplained 
\ ariation in alfalfa yield, and it provides a measure of the error associated with a predicted y 
(alfalfa yield). Thus, the lower the SEEy value, the greater the precision in predicted yield. 
The CV is a measure of the precision associated with the method of assessment (33). The 
lower the CV, the higher the precision of the assessment method used to predict yield. 
Results 
Foliar disease intensity levels. A range of foliar disease intensity levels was 
successfully achieved by using different fungicides and application fi-equencies to affect 
alfalfa health and productivity (Tables 2-4). Significant differences among percentage 
defoliation assessments for different fungicide treatments were obtained for 13 out of the 16 
harvest dates (Table 2), 14 out of the 16 growth cycles for percentage reflectance 
assessments (Table 3), and 13 out of the 16 harvest dates for alfalfa yield (Table 4). 
Single-point yield models were developed using disease incidence, disease severity, 
or defoliation assessments as the independent variable, and models were constructed for all 
sampling dates (Table 5). Yield models based on percentage defoliation assessments had a 
better relationship with yield than models based upon disease incidence or disease severity 
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assessments; thus, only percentage defoliation-based models in this paper were compared 
with percentage reflectance-based yield models. 
Percentage reflectance values in eight wavelength bands were regressed against 
alfalfa yield for all the assessment sampling dates between 1995 and 1997 in Ames and 
between 1996 and 1998 in Nashua, Iowa (Table 6). R~ for models based on percentage 
reflectance in the near-infrared wavelength bands (810 nm) were higher than those for 
models based on any other single wavelength bands (460 to 760 nm), and therefore, only 
percentage reflectance measurements in the 810 nm wavelength band were used to develop 
and compare reflectance-based single-point and AUC models with models based on 
percentage defoliation assessments. 
Coefficients of determination (R") for single-point yield models based on percentage 
defoliation and R" values for models based on percentage reflectance in the 810 nm 
wavelength band were averaged over all sampling dates (Figure 1). The R" values for yield 
models based on percentage reflectance (810 run) and percentage defoliation assessments 
obtained on harvest dates were higher than those for models based on all other assessment 
dates. Thus, all comparisons of single-point yield models were based on disease and 
reflectance assessments performed on the dates of harvest. 
Single-point yield models based on percentage defoliation. Signiflcant negative 
linear relationships were detected for 10 out of the 16 single-point models based on 
percentage defoliation assessments performed on the dates that alfalfa plots were harvested 
(Table 7). Intercepts for these 10 models ranged from 9.3 to 43.4 x 10^ kg/ha, which 
provides a measure of the theoretical yields, if percentage defoliation was zero for each 
specific growth cycle. The slopes for these 10 significant single-point yield models ranged 
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from -0.10 to -0.58, which indicates that yield decreased 100 to 580 kg/ha for each 1% 
increase in percentage defoliation for the 10 different growth cycles. Coefficients of 
determination (R~) for the 10 significant single-point models ranged from 0.44 to 0.66, which 
indicates 44 to 66% of the variation in alfalfa yield was explained by percentage defoliation. 
Standard errors of the estimate for y for the 10 significant models ranged from 0.53 to 1.17 x 
10^ kg/ha, which indicates that yield could be predicted within ± 530 to 1170 kg/ha using 
percentage defoliation. Coefficients of variation (CV) for all the significant models ranged 
from 3.12 (very good) to 12.24 (fair) for defoliation-based models. 
Single-point yield models based on percentage reflectance in the 810 nm 
wavelength band. Significant (P < 0.05) positive linear relationships were detected for 13 
out of the possible 16 single-point yield models based on percentage reflectance assessments 
(810 nm) performed on the dates of harvest (Table 8). The slopes for the 13 significant 
single-point yield models ranged from 0.27 to 1.18, which indicates that yield increased 270 
to 1180 kg/lia for each 1% increase in percentage reflectance for the 13 different growth 
cycles. Coefficients of determination (R") for the 13 significant single-point yield models 
ranged from 0.53 to 0.91, which indicates that 53 to 91% of the variation in alfalfa yield was 
explained by percentage reflectance (810 nm) measurements obtained on harvest dates. 
Standard errors of the estimate for y for the 13 significant single-point models ranged from 
0.37 to 1.04 X 10^ kg/ha, which indicates that yield predictions using percentage reflectance 
would be ± 370 to 1040 kg/ha. Coefficients of variation ranged from 2.00 (very good) to 
8.30 (good) for the 13 significant single-point yield models, indicating that single-point yield 
models based on percentage reflectance were more precise than single-point yield models 
based on percentage defoliation to predict alfalfa yield. 
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Comparison of single-point yield models based on percentage reflectance in the 
810 nm wavelength band versus percentage defoliation. For the 13 growth cycles where 
significant relationships were detected between percentage reflectance (810 nm) and alfalfa 
vaeld, coefficients of determination (R") for single-point yield models based on percentage 
reflectance were 0 to 59% higher than those for the corresponding single-point models based 
on percentage defoliation. Thus, single-point yield models based on percentage reflectance 
explained 0 to 59% more of the variation in yield than single-point yield models based on 
percentage defoliation. Averaged over the 13 growth cycles, percentage reflectance 
explained 25% more of the variation in alfalfa yield compared with percentage defoliation 
based single-point models. Standard errors of the estimate for y for the 13 significant single-
point yield models based on percentage reflectance were 0 to 0.67 x 10' kg/ha lower than 
single-point yield models based on percentage defoliation (average of 0.22 x 10^ kg/ha). 
This means that single-point yield models based on percentage reflectance in the 810 nm 
wavelength band predicted alfalfa yields with 0 to 670 kg/ha (average of 220 kg/ha) less 
variation about a predicted y (yield) than single-point models based on percentage 
defoliation. Coefficients of variation for single-point yield models based on percentage 
reflectance in the 810 nm wavelength band were 0 to 3.94 less than single-point yield models 
based on percentage defoliation, with the average being 1.62 lower for the 13 growth cycles. 
This indicates that models based upon percentage reflectance (810 nm) had greater precision 
than single-point models based upon percentage defoliation. 
Area under the percentage defoliation curve yield models. Significant negative 
linear relationships between AUDC and yield were detected for only 4 out of the 16 growth 
cycles (Table 9). Coefficients of determination for the four significant AUDC-based yield 
122 
models ranged from 0.39 to 0.56, which means that 39 to 56% of the variation in alfalfa yield 
was explained by AUDC. The slopes for these four AUDC-based models ranged from -0.22 
to -0.81, which indicates that yield decreased 220 to 810 kg/ha for each one-unit increase in 
AUDC. Standard errors of the estimate for y for the four significant AUDC-based models 
ranged from 0.71 to 1.23 x 10^ kg/ha, which means that alfalfa yields could be predicted 
within ± 710 to 1230 kg/ha. The coefficients of variation (CV) for the four significant 
AUDC-based models ranged from 4.28 to 10.76. 
Area under the reflectance curve yield models. Significant positive linear 
relationships between AURC and yield were detected for 12 out of the 16 growth cycles 
(Table 10). Coefficients of determination (R") for the 12 significant AURC-based yield 
models ranged from 0.46 to 0.66, which indicates that AURC-based models explained 46 to 
66% of the variation in yield. Slopes ranged from 0.56 to 2.14 for the 12 significant AURC 
alfalfa yield models, which indicates that alfalfa yields increased by 560 to 2140 kg/ha for 
each one-unit increase in AURC. Standard errors of the estimate for y for the 12 significant 
AURC-based yield models ranged from 0.47 to 1.09 x 10^ kg/ha, which indicates that yield 
predictions based on AURC would be ± 470 to 1090 kg/ha. Coefficients of variation for the 
12 significant AURC-based models ranged from 2.55 to 10.10, indicating that AURC-based 
models had slightly higher precision to predict alfalfa yield compared with AUDC-based 
models. 
Comparison of area under the percentage defoliation curve and area under the 
reflectance curve models. AURC-based models had significant relationships with yield for 
eight additional growth cycles compared with the AUDC-based models. Coefficients of 
determination for the 12 significant AURC-based yield models explained 7 to 46% more of 
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the variation in alfalfa yield than AUDC-based yield models. Standard errors of the estimate 
for y indicated that AURC-based yield models could predict yield with 40 to 280 kg/ha 
(average of 170 kg/ha) less variation than AUDC-based yield models. Coefficients of 
variation for AURC-based yield models ranged from 0.46 to 1.93 lower (average of 1.03) 
than AUDC-based yield models, indicating AURC-based models were more precise in 
predicting alfalfa yield than AUDC-based models. 
Comparison of single-point yield and area under the curve models based on 
percentage defoliation. Relationships between percentage defoliation and yield were 
significant for 10 out of the 16 growth cycles using single-point models, whereas AUDC-
based yield models were significant for only 4 out of 16 growth cycles. Coefficients of 
determination for the 10 significant single-point models explained 0 to 41% (average of 
17%) more of the variation in yield than AUDC-based yield models. Standard errors of the 
estimate for y for single-point yield models based on percentage defoliation assessments 
were 0 to 0.29 x 10^ kg/ha lower (average of 0.13 x 10^ kg/ha) than AUDC-based yield 
models, which means that single-point yield models based on percentage defoliation 
assessments could predict yield with deviations that were 0 to 290 kg/ha (average 130 kg/ha) 
lower than AUDC-based yield models (for the 10 growth cycles that had significant 
relationships between percentage defoliation and yield). Coefficients of variation for single-
point yield models based on percentage defoliation assessments were 0 to 1.82 (average of 
1.00) lower than AUDC-based yield models, which indicates that single-point yield models 
based on percentage defoliation could predict alfalfa yields with greater precision than 
AUDC-based yield models. 
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Comparison of single-point yield and area under the curve models based on 
percentage reflectance (810 nm). Relationships between percentage reflectance and yield 
were significant for 13 out of the 16 growth cycles using single-point reflectance-based yield 
models, whereas AURC-based models were significant for 12 of the 16 growth cycles. For 
the 13 growth cycles where significant relationships between percentage reflectance and 
yield were detected, single-point reflectance yield models explained 0 to 55% (average 18%) 
more of the variation in alfalfa yield than AURC-based models (based on R' values). Single-
point yield models based on percentage reflectance (810 nm) could predict yield with 0 to 
440 kg/ha (average 170 kg/ha) less variation (based on SEEy values) than AURC-based 
models. Coefficients of variation for single-point yield models were 0 to 6.43 (average of 
1.48) less than CV values for AURC-based models, indicating that single-point models were 
more precise than AURC-based models. 
Discussion 
Our results conclusively demonstrate that single-point and AUC yield models based 
on remote sensing assessments explained more of the variation in alfalfa yield than models 
based on percentage defoliation assessments. Significant relationships between percentage 
reflectance assessments and alfalfa yield were detected for 13 out of 16 harvest dates using 
single-point models when percentage reflectance was assessed on the date of alfalfa harvest. 
The three growth cycles for which significant relationships were not detected between 
percentage reflectance and yield were the second harvest in 1996 in Ames, the first harvest in 
1997 in Nashua, and the first harvest in 1998 in Nashua, Iowa. This may have been due to 
the fact that the environment during these growth cycles was hot and dry, therefore, disease 
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epidemics did not develop during these growth cycles (Figure 2). In the case of the first 
harv est for 1997 and 1998 in Nashua, inclement weather caused alfalfa stands to lodge, thus 
disrupting reflectance/yield relationships (Figure 3). Alfalfa canopies that had lodged had 
significantly more variation in percentage reflectance measurements compared with alfalfa 
stands that were not lodged due to changes in canopy architecture. 
Area under the curve models might be expected to have a better relationship with 
yield than single-point models, since alfalfa biomass and foliar diseases both increase with 
respect to time throughout a growth cycle. However, results from our study demonstrated 
that both AUDC- and AURC-based models were not as good as single-point yield models 
based on percentage defoliation or percentage reflectance assessments performed on the day 
of harvest. Single-point models based on percentage reflectance or percentage defoliation 
assessments obtained on the date of harvest for each growth cycle explained more of the 
variation in yield than AUDC- and AURC-based models. This may be related to the fact that 
most of the greatest injury (defoliation) to alfalfa caused by foliar diseases usually occurred 
late in the growth cycle (4, 8). Area under the curve represents the accumulation of disease 
stress over time, and disease assessments early in the alfalfa growth cycle rarely have any 
relationship to yield, whereas disease assessments performed towards the end of a growth 
cycle often had a significant relationship with yield. The change in percentage defoliation 
and percentage reflectance values for each growth cycle varied because of different weather 
conditions that favored or disfavored foliar diseases, and therefore, disease intensity varied 
among growth cycles. For most of the growth cycles, percentage defoliation decreased over 
time at the beginning of a growth cycle (due to faster plant growth) and then increased over 
time as the rate of defoliation exceeded the rate of new growth (Figures 2 and 3). Percentage 
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reflectance values increased over time at the beginning of the growth cycle, indicating that 
alfalfa plants were growing new leaves at rates faster than defoliation was occurring until late 
in each grovMh cycle (1 to 3 weeks before harvest) (Figure 3). Late in the alfalfa growth 
cycle as plants approached 10% bloom, the rate of defoliation often exceeded the rate of new 
growth (leaves), because plant energies were diverted from leaf production to flower and 
seed production. Moreover, disease assessments made near the end of the growth cycle often 
had a better relationship with yield, because it was during this phase of the alfalfa growth 
cycle when percentage defoliation levels are the highest. Cornell and Berger have shown 
that the higher the level of disease intensity, the higher the coefficient of determination in 
regression models (9). Therefore, AUDC- and AURC-based models often did not explain as 
much of the variation in yield as single-point models based on percentage defoliation or 
percentage reflectance. 
This is the first study that quantified the relationships between visual disease intensity 
and remote sensing assessments with alfalfa yield and compared the relationships between 
visual disease assessments and alfalfa yield with the relationships between remote sensing 
(percentage reflectance) assessments and alfalfa yield using both single-point and AUC 
models. 
After percentage reflectance values peaked 1 to 3 weeks prior to harvest, percentage 
reflectance values then decreased over time (until harvest), indicating green leaf area index 
was decreasing with respect to time. Thus, alfalfa stands should be harvested when 
percentage reflectance values peak, rather than at 10% blooming, to achieve higher yields 
and better alfalfa hay quality. 
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Percentage reflectance assessments often had a significant relationship with 
percentage defoliation assessments (13 out of the 16 alfalfa growth cycles). For example, on 
28 May 1996 and on 4 September 1997 in Ames, Iowa, percentage reflectance explained 82 
and 68% of the variations in percentage defoliation for these two dates, respectively (Figure 
4). This indicates that percentage reflectance can provide information regarding the impact 
of foliar diseases on alfalfa health and productivity. 
The defoliation assessment method used in our study only measures the presence or 
absence of the primary leaves on the main nodes of each alfalfa stem sampled; however, this 
method may not assess the true impact of foliar diseases on the growth and development of 
lateral branches and leaves. Remote sensing assessments, however, provide information 
about the impact of foliar diseases on all leaves, including those on lateral branches. We 
obser\'ed that alfalfa foliar diseases cause premature defoliation, and that if alfalfa primary 
leaves prematurely defoliate, very few lateral branches will develop from affected node 
(Figure 5). Thus, percentage reflectance can provide quantitative information concerning the 
overall health of alfalfa canopies. 
Not only can single-point models based on remote sensing assessments explain more 
of the variation in yield than visual disease intensity assessments, remote sensing 
assessments also have other advantages over visual assessments. First, it takes much less 
time to obtain remote sensing assessments than visual disease assessments. In this study, it 
only took approximately 1 hr to obtain 200 remote sensing assessments from 40 plots (5 per 
plot). However, it took more than 12 hr to obtain visual disease assessments that included 
destructively sampling, evaluating, and then entering disease data into a database. Second, 
remote sensing assessments were stored as electronic files; thus, potential errors associated 
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with data entry error were avoided. Third, remote sensing assessments do not require 
destructive sampling, while visual disease assessments do. Therefore, remote sensing 
provides a much better method to assess the injury caused by foliar diseases than visual 
disease assessment methods. There are, however, some important factors that should be 
considered to obtain the most accurate and precise remote sensing assessments. A potential 
disadvantage of using remote sensing methods is that percentage reflectance may be affected 
by environmental factors such as the amount of incident radiation, sun angle, sensor height, 
leaf wetness, and wind (15, 16, 22, 23, 24, 34, 36, 37); however, proper protocols for 
obtaining remote sensing assessments can greatly reduce error caused by these factors. 
In general, the most prevalent foliar disease for the first growth cycle was spring 
black stem and leaf spot {Phoma niedicaginis var. medicaginis). Summer black stem and leaf 
spot {Cercospora niedicaginis) and common leaf spot {Pseiidopeziza medicaginis) were the 
most prevalent foliar diseases for the second growth cycle. Leptosphaerulina leaf spot 
{Leptosphaendina briosiana) was the most prevalent foliar disease for the third growth 
cycle. For practical disease management programs, single-point models are more feasible to 
be incorporated into disease management (action-threshold) decisions than AUC models, 
because AUC models are based on five or more assessments per growth cycle. The damage 
caused by diseases would have already occurred even before the AUC values could be 
integrated from curves; thus single-point models based on remote sensing assessments would 
be more practical for disease management programs. Moreover, single-point yield models 
based on percentage reflectance can predict alfalfa yield with greater precision than models 
based on percentage defoliation; thus disease management thresholds derived fi-om single-
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point yield models based on percentage reflectance assessments will also be more precise 
than thresholds derived from models based on percentage defoliation assessments. 
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Table 1. Fungicide treatments used to generate a range of disease intensities for experiments 
conducted in Ames, lA, from 1995 to 1997 and in Nashua, lA, from 1996 to 1998 
Treatment # Fungicide Application Active 
frequency ingredient/ha 
1 Mancozeb Twice 1.97 kg 
2 Propiconazole Twice 0.25 1 
J Cupric Hydroxide Twice 1.97 kg 
4 Chlorothalonil Twice 2.041 
5 Mancozeb Once 1.97 kg 
6 Propiconazole Once 0.25 1 
7 Cupric Hydroxide Once 1.97 kg 
8 Chlorothalonil Once 2.041 
9 CGA-245704 Twice 0.035 kg 
10 None None 
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Table 2. Effect of fungicides and application frequency per alfalfa growth cycle on 
percentage defoliation assessed at the time of harvest in Ames, LA from 1995 to 1997 and in 
Nashua. lA from 1996 to 1998 for 10 fungicide treatments 
Location Year 
Fungicide 
treatment Harvest 1" Harvest 2 Harvest 3*' 
Ames 1995 Mancozeb/2 18.16 e 37.16 cd No third 
Propiconazole/2 18.70 cde 44.34 bed harvest 
Cupric hydroxide/2 27.14 abed 43.35 bed 
Chiorothalonil/2 23.91 a-e 38.86 bed 
Mancozeb/1 21.38 b-e 34.83 d 
Propiconazole/1 21.51 b-e 47.31 abc 
Cupric hydroxide/1 30.88 ab 47.36 abc 
Chlorothalonil/1 18.32 de 39.82 bed 
CGA-245704/2 27.41 abc 54.62 a 
Nontreated control 29.90 ab 47.73 ab 
1996 Mancozeb/2 50.23 ab 29.46 a 37.61 be 
Propiconazole/2 52.97 a 30.32 a 39.78 abc 
Cupric hydroxide/2 49.84 ab 27.18 a 37.11 be 
Chlorothalonil/2 39.21 c 28.89 a 35.92 c 
Mancozeb/1 53.22 a 29.46 a 37.25 be 
Propiconazole/1 54.06 a 27.63 a 42.08 ab 
Cupric hydroxide/1 53.65 a 29.14 a 39.33 abc 
Chlorothalonil/1 47.53 b 28.40 a 39.88 abc 
CGA-245704/2 51.48 ab 30.46 a 44.07 a 
Nontreated control 53.48 a 31.30 a 44.13 a 
1997 Mancozeb/2 34.50 bed 33.50 cd 20.49 d 
Propiconazole/2 36.28 abc 38.08 abc 22.17 bed 
Cupric hydroxide/2 34.34 bed 34.86 cd 24.62 abc 
Chiorothalonil/2 32.49 cd 32.97 d 19.65 d 
Mancozeb/1 35.29 abc 40.00 ab 23.91 be 
Propiconazole/1 37.12 ab 41.99 a 21.86 cd 
Cupric hydroxide/1 35.35 abc 35.23 bed 21.67 cd 
Chlorothalonil/1 30.69 d 34.48 cd 21.48 cd 
CGA-245704/2 38.83 a 42.77 a 25.20 ab 
Nontreated control 36.77 abc 41.57 a 27.68 a 
Nashua 1996 Mancozeb/2 18.20 a 15.39 be No third 
Propiconazole/2 19.69 a 15.56 be harvest 
Cupric hydroxide/2 22.33 a 23.62 a 
Chlorothalonil/2 22.55 a 12.42 c 
Mancozeb/1 20.93 a 23.07 ab 
Propiconazole/1 17.45 a 28.38 a 
Cupric hydroxide/1 22.14 a 27.35 a 
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Table 2. (continued) 
Fungicide 
Location Year treatment Harvest 1' Harvest 2 Harvest 3 
Chlorothalonil/1 17.97 a 11.60 c 
CGA-245704/2 24.54 a 29.79 a 
Nontreated control 21.64 a 25.28 a 
Mancozeb/2 29.93 ab 33.35 c 28.22 de 
Propiconazole/2 31.73 a 41.28 a 30.04 cde 
Cupric hydroxide/2 29.59 ab 38.38 ab 29.10 de 
Chiorothalonil/2 25.59 b 29.40 d 21.39 f 
Mancozeb/1 32.51 a 40.53 ab 31.50 b-e 
Propiconazole/I 29.20 ab 37.71 b 33.77 a-d 
Cupric hydroxide/1 31.53 a 39.17 ab 37.23 ab 
Chlorothalonil/1 31.22 a 37.71 b 26.59 ef 
CGA-245704/2 32.95 a 38.57 ab 35.51 abc 
Nontreated control 30.34 ab 40.21 ab 39.65 a 
Mancozeb/2 27.72 a 32.41 ab 43.74 be 
Propiconazole/2 30.03 a 35.64 ab 47.82 ab 
Cupric hydroxide/2 29.44 a 35.64 ab 39.81 c 
Chlorothalonil/2 27.88 a 31.33 b 38.63 c 
Mancozeb/1 28.71 a 33.85 ab 49.36 a 
Propiconazole/1 27.43 a 38.36 a 48.23 ab 
Cupric hydroxide/1 30.74 a 37.39 ab 50.91 a 
Chlorothalonil/1 28.58 a 34.29 ab 49.46 a 
CGA-245704/2 30.48 a 37.42 ab 50.36 a 
Nontreated control 30.67 a 35.90 ab 50.50 a 
^ Numbers in the same column followed by the same character are not significantly (P < 
0.05) different from each other using least significant difference test. 
^ Only two harvests were made in the year alfalfa plots were seeded. 
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Table 3. Effect of fungicides and application frequency per alfalfa growth cycle on the 
percentage of sunlight reflected (810 nm) from alfalfa canopies measured at the time of 
harvest in Ames, LA from 1995 to 1997 and in Nashua, LA from 1996 to 1998 for 10 
fungicide treatments 
LocatioD Year 
Fungicide 
treatment Harvest 1* Harvest 2 Harvest S*" 
Ames 1995 Mancozeb/2 46.74 a 49.16 a No third 
Propiconazole/2 46.74 a 47.60 ab harvest 
Cupric hydroxide/2 45.07 b 43.86 c 
ChiorothaloniL'2 46.74 a 48.71 a 
Mancozeb/1 44.91 b 47.53 ab 
Propiconazole/1 45.92 ab 46.57 b 
Cupric hydroxide/1 43.26 c 43.81 c 
Chlorothalonil/l 45.54 ab 48.60 a 
CGA-245704/2 45.56 ab 43.29 c 
Nontreated control 43.07 c 43.41 c 
1996 Mancozeb/2 54.57 ab 54.73 a 60.05 ab 
Propiconazole/2 48.10 c 54.06 a 57.46 cde 
Cupric hydroxide/2 50.78 abc 54.22 a 56.49 cde 
ChlorothaloniL'2 56.20 a 54.05 a 60.65 a 
Mancozeb/1 52.50 abc 53.29 a 58.44 be 
Propiconazole/1 48.72 be 55.56 a 57.56 cde 
Cupric hydroxide/1 51.93 abc 53.31 a 56.22 de 
Chlorothalonil/l 49.99 abc 54.61 a 58.10 bed 
CGA-245704/2 49.06 be 53.06 a 56.43 cde 
Nontreated control 50.70 abc 53.66 a 55.72 e 
1997 Mancozeb/2 49.52 ab 51.08 a 52.18 ab 
Propiconazole/2 48.07 ab 47.61 be 51.02 b 
Cupric hydroxide/2 47.11 ab 47.16 c 51.06 a 
ChlorothaloniL/2 50.57 a 50.91 ab 53.19 a 
Mancozeb/1 49.40 ab 49.54 abc 52.03 ab 
Propiconazole/1 48.00 ab 47.58 be 51.52 ab 
Cupric hydroxide/1 47.07 ab 47.43 c 51.27 b 
Chlorothalonil/l 48.87 ab 48.09 abc 52.14 ab 
CGA-245704/2 47.47 ab 47.73 abc 51.42 b 
Nontreated control 46.96 b 46.23 c 48.93 c 
Nashua 1996 Mancozeb/2 47.47 a 50.02 a No third 
Propiconazole/2 48.40 a 49.03 a harvest 
Cupric hydroxide/2 48.04 a 44.57 be 
Chiorothalonil/2 47.37 a 50.51 a 
Mancozeb/1 46.42 a 46.77 ab 
Propiconazole/1 50.38 a 47.94 ab 
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Table 3. (continued) 
Location Year 
Fungicide 
treatment Harvest 1' Harvest 2 Harvest 3 
Cupric hydroxide/1 45.39 a 42.79 c 
Chlorothalonil/1 49.80 a 47.94 ab 
CGA-245704/2 45.73 a 42.09 c 
Nontreated control 51.30 a 44.21 be 
1997 Mancozeb/2 55.54 a 44.26 ab 51.67 ab 
PropiconazoIe/2 54.65 ab 43.02 bed 50.51 abc 
Cupric hydroxide/2 55.41 a 43.90 be 50.03 be 
Chlorothalonil/2 55.52 a 46.38 a 53.07 a 
Mancozeb/1 53.18 be 41.18d 50.65 abc 
Propiconazole/1 55.07 ab 42.17 bed 51.72 ab 
Cupric hydroxide/1 54.74 ab 40.80 d 50.09 be 
Chlorothalonil/1 54.06 abc 41.65 cd 50.19 abc 
CGA-245704/2 52.41 c 41.35 d 48.47 c 
Nontreated control 54.34 abc 41.85 bed 51.68 ab 
1998 Mancozeb/2 50.48 a 47.59 a 47.87 ab 
Propiconazole/2 49.59 ab 44.56 be 45.50 be 
Cupric hydroxide/2 48.29 be 44.46 be 44.76 cd 
Chlorothalonil/2 49.78 ab 46.80 ab 48.25 a 
Mancozeb/1 48.21 be 44.63 be 42.83 de 
Propiconazole/1 47.85 c 46.40 ab 43.83 cde 
Cupric hydroxide/1 48.70 be 44.57 be 42.86 de 
Chlorothalonil/l 48.14 be 45.35 abc 44.12 cde 
CGA-245704/2 47.34 c 43.34 c 42.26 e 
Nontreated control 47.39 c 42.58 c 43.13 cde 
Numbers in the same column followed by the same character are not significantly 
(P < 0.05) different from each other using least significant difference test. 
'' Only two harvests were made in the year alfalfa plots were seeded. 
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Table 4. Effect of fungicides and application frequency on alfalfa yields (fresh weight, kg/ha 
X 10") for each alfalfa harvest cycle in Ames, lA from 1995 to 1997 and in Nashua, lA from 
1996 to 1998 for 10 fungicide treatments 
Location Year 
Fungicide 
treatment Harvest 1* Harvest 2 Harvest 3** 
Ames 1995 Mancozeb/2 7.23 ab 7.65 a No third 
Propiconazole/2 7.13 abc 6.31 abed harvest 
Cupric hydroxide/2 6.49 abed 6.04 bed 
Chiorothalonil/2 7.51 a 7.79 a 
Mancozeb/1 5.81 cde 6.77 abc 
Propiconazole/1 6.53 abed 7.33 ab 
Cupric hydroxide/1 4.48 e 6.40 abed 
Chlorothalonil/1 5.96 bed 7.02 abc 
CGA-245704/2 5.38 de 5.15 d 
Nontreated control 5.48 de 5.67 cd 
1996 Mancozeb/2 24.28 a 19.46 a 22.88 ab 
Propiconazole/2 22.49 be 18.65 a 21.19 abc 
Cupric hydroxide/2 22.18 be 19.20 a 21.77 abc 
Chlorothalonil/2 24.53 ab 19.96 a 23.03 a 
Mancozeb/I 21.68 be 19.29 a 21.49 abc 
Propiconazole/1 22.97 be 18.92 a 20.98 abc 
Cupric hydroxide/1 22.03 be 18.99 a 20.53 be 
Chlorothalonil/1 24.10 abc 19.57 a 20.11 c 
CGA-245704/2 21.51 be 18.30 a 20.83 abc 
Nontreated control 21.12c 18.20 a 20.34 c 
1997 Mancozeb/2 24.73 ab 21.62 a 19.39 a 
Propiconazole/2 22.76 abc 19.08 a 18.21 ab 
Cupric hydroxide/2 23.28 abc 19.17 a 18.21 ab 
Chlorothalonil/2 25.38 a 21.31 a 19.69 a 
Mancozeb/1 23.41 ab 20.56 a 18.56 ab 
Propiconazole/1 21.97 abc 19.17a 18.47 ab 
Cupric hydroxide/1 21.53 be 18.42 a 17.64 b 
Chlorothalonil/1 24.99 ab 20.31 a 18.21 ab 
CGA-245704/2 21.79 be 19.08 a 18.82 ab 
Nontreated control 19.82 c 18.03 a 17.68 b 
Nashua 1996 Mancozeb/2 11.91 a 12.05 a No third 
Propiconazole/2 11.86 a 11.25 a harvest 
Cupric hydroxide/2 12.52 a 10.97 ab 
Chlorothalonil/2 11.58 a 11.91 a 
Mancozeb/1 10.97 a 11.30 a 
PropiconazoIe/1 13.04 a 11.58 a 
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Table 4. (continued) 
Fungicide 
Location Year treatment Harvest 1' Harvest 2 Harvest 3 
Cupric hydroxide/1 10.92 a 9.89 ab 
Chlorothalonil/1 14.12 a 11.82 a 
CGA-245704/2 10.08 a 9.79 be 
Nontreated control 12.90 a 
1 
9.28 c 
Mancozeb/2 
1 
36.45 a 17.86 ab 17.72 ab 
PropiconazoIe/2 33.74 ah 16.10c 14.79 d 
Cupric hydroxide/2 34.05 ab 17.86 ab 15.93 cd 
Chlorothalonil/2 33.61 ab 18-51 a 18.60 a 
Mancozeb/1 32.08 b 16.32 be 15.19d 
Propiconazole/1 33.87 ab 16.24 be 16.15 cd 
Cupric hydroxide/1 33.61 ab 16.28 be 15.62 cd 
Chiorothalonil/1 32.82 ab 16.63 be 16.80 be 
CGA-245704/2 34.22 ab 16.37 be 14.75 d 
Nontreated control 33.57 ab 16.98 abc 15.01 d 
Mancozeb/2 28.84 a 18.38 a 16.86 a 
Propiconazole/2 26.54 ab 16.12 abc 15.32 ab 
Cupric hydroxide/2 26.84 ab 16.38 abc 14.60 ab 
Chlorothalonil/2 26.49 ab 17.98 ab 15.08 ab 
Mancozeb/1 26.35 ab 15.36 be 13.89 b 
Propiconazole/l 26.44 ab 16.56 abc 13.98 b 
Cupric hydroxide/1 25.19 ab 16.65 abc 13.83 b 
Chlorothalonil/l 26.17 ab 16.29 abc 13.62 b 
CGA-245704/2 26.93 ab 15.05 c 14.75 ab 
Nontreated control 24.30 b 15.36 be 14.51 ab 
^ Numbers in the same column followed by the same character are not significantly (P < 
0.05) different from each other using least significant difference test. 
Only two harvests were made in the year alfalfa plots were seeded. 
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Table 5. Coefficients of determination (R") for single-point yield models based on disease 
incidence, disease severity, or percentage defoliation as the independent variable for all 
sampling dates in Ames and Nashua, lA 
Disease Disease Percentage 
Location Year Harvest DOY' incidence'' severity defoliation 
Ames 1995 1 171 0.01 0.12 0.26 
178 0.01 0.10 0.00 
185 0.46* 0.02 0.10 
192 0.35 0.29 0.02 
199 0.41* 0.76*» 0.47* 
209 0.15 0.06 0.44* 
229 0.16 0.66** 0.04 
236 0.15 0.14 0.12 
243 0.12 0.02 0.13 
251 0.06 0.59** 0.52* 
121 0.62** 0.03 0.34 
127 0.55** 0.57** 0.21 
134 0.39* 0.65** 0.06 
141 0.26 0.26 0.26 
149 0.20 0.17 0.48* 
155 0.00 0.11 0.48* 
162 0.10 0.39 0.50* 
177 0.21 0.38 0.13 
183 0.02 0.09 0.02 
190 0.47* 0.00 0.00 
197 0.72** 0.21 0.00 
201 0.55** 0.50* 0.35 
211 0.01 0.36 0.16 
218 0.06 0.00 0.03 
225 0.01 0.06 0.04 
233 0.59** 0.10 0.35 
240 0.40* 0.11 0.01 
247 0.43* 0.05 0.50* 
125 0.25 0.03 0.35 
132 0.06 0.47* 0.22 
139 0.10 0.03 0.02 
147 0.00 0.02 0.45* 
153 0.08 0.08 0.49* 
160 0.12 0.00 0.60* 
Table 5 (continued) 
Disease Disease Percentage 
Location Year Harvest DOY" incidence'* severity defoliation 
2 174 0.44 0.48* 0.01 
181 0.64*» 0.01 0.01 
188 0.06 0.34 0.30 
195 0.23 0.03 0.36 
203 0.01 0.22 0.32 
3 216 0.40* 0.22 0.00 
225 0.59** 0.01 0.08 
230 0.22 0.42* 0.48* 
237 0.22 0.14 0.01 
247 0.34 0.45* 0.29 
Nashua 1996 1 157 0.01 0.16 0.00 
164 0.01 0.10 0.01 
171 0.23 0.10 0.16 
178 0.29 0.11 0.55* 
185 0.03 0.06 0.02 
193 0.16 0.00 0.46* 
2 206 0.03 0.39* 0.04 
213 0.72** 0.49* 0.00 
220 0.64** 0.02 0.35 
227 0.44* 0.00 0.52* 
234 0.21 0.03 0.50* 
1997 1 124 0.00 0.01 0.08 
133 0.15 0.16 0.00 
139 0.00 0.00 0.00 
147 0.00 0.30 0.03 
154 0.01 0.08 0.12 
162 0.05 0.14 0.04 
2 175 0.06 0.02 0.00 
182 0.48* 0.02 0.02 
189 0.11 0.00 0.07 
198 0.41* 0.50* 0.05 
205 0.08 0.13 0.66** 
3 217 0.16 0.07 0.00 
226 0.02 0.12 0.03 
232 0.07 0.04 0.12 
238 0.34 0.07 0.01 
Table 5 (continued) 
Disease Disease Percentage 
Location Year Harvest DOY' incidence'' severity defoliation 
243 0.33 0.02 0.59** 
1998 1 113 0.05 0.30 0.04 
122 0.06 0.01 0.08 
126 0.00 0.31 0.15 
134 0.47* 0.09 0.20 
141 0.20 0.19 0.41* 
148 0.17 0.27 0.21 
155 0.04 0.05 0.33 
2 170 0.02 0.05 0.01 
176 0.16 0.36 0.02 
182 0.00 0.12 0.00 
189 0.71** 0.00 0.34 
3 210 0.02 0.05 0.04 
219 0.02 0.00 0.02 
226 0.11 0.09 0.01 
232 0.47* 0.11 0.01 
240 0.06 0.07 0.20 
248 0.04 0.06 0.22 
^ DOY = day of year. 
^ Single and double asterisks indicate models are significant based on F-statistic at P < 0.05 
and P < 0.01 levels, respectively. 
Tabic 6. Coefficients of detemiination (R") for single-point yield models based on percentage reflectance values in eight narrow 
individual wavelength bands for all assessment dates in Ames and Nashua, lA 
Location Year Harvest DOY" 
Wavelength (nm)'* 
460 510 560 610 660 710 760 810 
Ames 1995 1 171 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.01 
178 0.01 0.02 0.00 0.01 0.04 0.00 0.02 0.01 
185 0.06 0.07 0.13 0.07 0.08 0.00 0.17 0.07 
192 0.05 0.02 0.02 0.01 0.04 0.01 0.00 0.00 
199 0.04 0.00 0.01 0.00 0.00 0.22 0.30 0.30 
209 0.23 0.36 0.48* 0.08 0.16 0.66** 0.76** 0.74** 
2 229 0.00 0.01 0.09 0.08 0.34 0.21 0.40* 0.38 
236 0.01 0.04 0.09 0.14 0.00 0.00 0.49* 0.55** 
243 0.02 0.00 0.00 0.00 0.01 0.00 0.24 0.43* 
251 0.61** 0.48* 0.15 0.31 0.26 0.72** 0.72** 0.72** 
1996 1 121 0.15 0.16 0.00 0.22 0.24 0.20 0.34 0.32 
127 0.28 0.20 0.06 0.30 0.34 0.18 0.54* 0.51* 
134 0.18 0.25 0.04 0.37 0.53* 0.51* 0.53* 0.53* 
141 0.71** 0.36 0.20 0.01 0.19 0.45* 0.55** 0.55* 
149 0.16 0.26 0.14 0.02 0.03 0.34 0.67** 0.66** 
155 0.03 0.02 0.24 0.10 0.14 0.59** 0.78** 0.77** 
162 0.46* 0.22 0.11 0.00 0.01 0.55** 0.78** 0.77** 
2 177 0.02 0.04 0.06 0.10 0.17 0.02 0.10 0.09 
183 0.24 0.20 0.03 0.22 0.23 0.04 0.24 0.24 
190 0.10 0.18 0.14 0.10 0.18 0.18 0.02 0.08 
197 0.03 0.14 0.00 0.00 0.07 0.08 0.03 0.05 
201 0.06 0.01 0.03 0.05 0.08 0.00 0.10 0.12 
3 211 0.01 0.03 0.03 0.02 0.01 0.05 0.10 0.09 
218 0.22 0.12 0.52* 0.17 0.06 0.08 0.01 0.02 
Table 6 (continued) 
' 11 I •• ^ 
Wavelength (iim)' 
Location Year Harvest DOY" 460 510 560 610 660 710 760 810 
225 0.07 0.00 0.13 0.22 0.16 0.24 0.29 0.30 
233 0.94** 0.76** 0.64** 0.72** 0.82** 0.38 0.36 0.42* 
240 0.39* 0.44* 0.51* 0.33 0.07 0.46* 0.68** 0.73** 
247 0.17 0.24 0.32 0.11 0.01 0.44 0.62** 0.62** 
1997 1 125 0.39* 0.48* 0.57** 0.44* 0.37 0.35 0.00 0.12 
132 0.06 0.01 0.27 0.03 0.02 0.10 0.43* 0.44* 
139 0.02 0.08 0.00 0.53* 0.31 0.25 0.61** 0.60** 
147 0.02 0.18 0.26 0.55** 0.02 0.01 0.52* 0.53* 
153 0.25 0.20 0.10 0.13 0.28 0.27 0.54* 0.57** 
160 0.00 0.10 0.04 0.00 0.13 0.38 0.69** 0.69** 
2 174 0.33 0.27 0.18 0.24 0.23 0.09 0.01 0.00 
ISl 0.05 0.02 0.01 0.00 0.02 0.02 0.08 0.08 
188 0.09 0.04 0.14 0.31 0.10 0.20 0.54* 0.26 
195 0.13 0.09 0.00 0.24 0.43* 0.03 0.79** 0.80** 
203 0.02 0.25 0.69** 0.26 0.05 0.55** 0.92** 0.91** 
3 216 0.07 0.04 0.02 0.00 0.01 0.05 0.03 0.03 
225 0.05 0.38 0.03 0.00 0.01 0.01 0.17 0.15 
230 0.11 0.00 0.03 0.00 0.03 0.01 0.43* 0.44* 
237 0.07 0.20 0.36 0.24 0.27 0.56** 0.69** 0.69** 
247 0.00 0.10 0.00 0.01 0.01 0.12 0.55** 0.57** 
Nashua 1996 1 157 0.62** 0.52* 0.54* 0.58** 0.55** 0.44* 0.27 0.30 
164 0.56** 0.59** 0.67** 0.69** 0.63** 0.58** 0.15 0.16 
171 0.03 0.02 0.69** 0.00 0.20 0.47* 0.28 0.29 
178 0.00 0.04 0.16 0.01 0.27 0.63** 0.51* 0.49* 
185 0.49* 0.49* 0.26 0.50* 0.67** 0.00 0.78** 0.77** 
Tabic 6 (continued) 
Wavelength (nm)' 
Location Year Harvest DOY" 460 510 560 610 660 710 760 810 
193 0.22 0.50* 0.21 0.41* 0.43* 0.11 0.64** 0.75** 
2 206 0.02 0.04 0.00 0.02 0.01 0.08 0.00 0.00 
213 0.00 0.08 0.30 0.00 0.02 0.70** 0.10 0.14 
220 0.02 0.00 0.02 0.04 0.01 0.23 0.24 0.65** 
227 0.39* 0.19 0.10 0.03 0.01 0.17 0.84** 0.85** 
234 0.28 0.10 0.00 0.28 0.31 0.11 0.77** 0.78** 
1997 1 124 0.24 0.12 0.15 0.14 0.30 0.23 0.26 0.25 
133 0.01 0.00 0.06 0.05 0.07 0.05 0.07 0.07 
139 0.03 0.19 0.06 0.07 0.00 0.14 0.19 0.04 
147 0.01 0.00 0.10 0.10 0.04 0.19 0.13 0.12 
154 0.01 0.07 0.04 0.04 0.00 0.01 0.02 0.03 
162 0.02 0.35 0.33 0.33 0.00 0.32 0.21 0.20 
2 175 0.49* 0.15 0.00 0.02 0.33 0.05 0.05 0.05 
182 0.33 0.07 0.22 0.02 0.02 0.30 0.26 0.27 
189 0.69** 0.78** 0.62** 0.72** 0.83** 0.18 0.17 0.19 
198 0.34 0.39 0.35 0.47* 0.48* 0.07 0.43* 0.47* 
205 0.12 0.06 0.03 0.28 0.36 0.02 0.73** 0.76** 
3 217 0.01 0.02 0.05 0.05 0.03 0.03 0.01 0.01 
226 0.19 0.20 0.01 0.19 0.08 0.02 0.61** 0.54* 
232 0.02 0.03 0.01 0,00 0.00 0.01 0.11 0.11 
238 0.01 0.01 0.01 0.12 0.02 0.15 0.54* 0.53* 
243 0.01 0.03 0.03 0.01 0.02 0.03 0.39* 0.44* 
1998 1 113 0.02 0.03 0.07 0.04 0.02 0.19 0.27 0.32 
122 0.24 0.03 0.02 0.05 0.05 0.06 0.03 0.03 
Table 6 (continued) 
Wavelength (nm)'* 
Location Year Harvest DOY" 460 510 560 610 660 710 760 810 
126 0.00 0.10 0.09 0.15 0.14 0.05 0.00 0.00 
134 0.03 0.03 0.01 0.00 0.00 0.00 0.02 0.02 
141 0.00 0.06 0.00 0.18 0.01 0.07 0.00 0.00 
148 0.00 0.03 0.00 0.06 0.20 0.01 0.09 0.09 
155 0.08 0.22 0.00 0.01 0.26 0.05 0.34 0.34 
2 170 0.03 0.05 0.09 0.05 0.05 0.06 0.03 0.02 
176 0.04 0.12 0.53* 0.05 0.01 0.49* 0.03 0.04 
182 0.01 0.00 0.24 0.07 0.01 0.23 0.02 0.02 
189 0.17 0.09 0.24 0.18 0.03 0.46* 0.77** 0.78** 
197 0.28 0.05 0.10 0.01 0.07 0.53* 0.89** 0.90** 
3 210 0.23 0.12 0.09 0.15 0.15 0.03 0.10 0.08 
219 O.ll 0.12 0.37 0.32 0.06 0.34 0.53* 0.48* 
226 0.05 0.00 0.26 0.00 0.10 0.58** 0.51* 0.51* 
232 0.42* 0.26 0.10 0.05 0.10 0.22 0.29 0.29 
240 0.00 0.09 0.02 0.13 0.30 0.09 0.45* 0.44* 
248 0.22 0.00 0.02 0.06 0.52* 0.29 0.53* 0.53* 
" DOY = day of year. 
^ Single and double asterisks indicate models based on F-statistic are significant at P < 0.05 and P < 0.01 levels, respectively. 
Tabic 7. Intercepts, slopes, F-statistics, cocfficicnts of detcrniination (R"), standard errors of the estimate for y 
(SEEy), and coefficients of variation (CV) for single-point yield models relating percentage defoliation (x) to 
alfalfa yield (y) for all the harvesting dates in Ames and Nashua, lA 
Location Year Harvest DOY' Intercept Slope F-statistic'* R- SEEy CV 
Ames 1995 1 209 9.30 -0.13 6.22* 0.44 0.76 12.24 
2 251 11.13 -0.10 8.68* 0.52 0.63 9.56 
1996 1 162 32.50 -0.19 8.02* 0.50 0.92 4.06 
2 201 26.64 -0.26 4.33 0.35 0.48 2.51 
3 247 31.01 -0.24 8.07* 0.50 0.75 3.51 
1997 1 160 43.36 -0.58 12.07** 0.60 1.17 5.12 
2 203 26.43 -0.18 3.71 0.32 1.06 5.38 
3 247 21.89 -0.15 3.33 0.29 0.59 3.20 
Nashua 1996 1 193 19.10 -0.34 6.90* 0.46 0.93 7.72 
2 234 13.14 -0.10 7.92* 0.50 0.74 6.73 
1997 1 162 37.03 -0.11 0.33 0.04 1.17 3.45 
2 205 24.15 -0.19 15.72** 0.66 0.53 3.12 
3 249 21.81 -0.18 11.58** 0.59 0.88 5.48 
1998 1 155 41.76 -0.53 3.87 0.33 1.02 3.87 
2 197 25.00 -0.22 11.13** 0.58 0.74 4.53 
3 248 19.31 -0.10 2.26 0.22 0.90 6.14 
" DOY = day of year 
** Single and double asterisks indicate models are significant based on F-statistics at P < 0.05 and P < 0.01 levels, 
respectively. 
Tabic 8. Intercepts, slopes, F-statistics, coefficients of detemiination (R"), standard errors of the estimate for y (SEEy), and 
coefficients of variation (CV) for single-point yield models relating percentage reflectance (x) to alfalfa yield (y) for all the 
harvesting dates in Ames and Nashua, lA 
Location Year Harvest DOY" Intercept Slope F-statlstIc'' n' SEEy CV 
Ames 1995 1 209 -20.72 0.54 22.96** 0.74 0.51 8.30 
2 251 -7.67 0.27 17.50** 0.69 0.51 7.73 
1996 1 163 -7.77 0.59 26.58** 0.77 0.63 2.76 
2 201 5.59 0.25 1.07 0.12 0.56 2.92 
3 246 -6.40 0.48 13.01** 0.62 0.65 3.07 
1997 1 160 -34.03 1.18 17.81** 0.69 1.04 4.51 
2 203 -14.54 0.71 77.24** 0.91 0.39 2.00 
3 247 -4.74 0.45 10.51** 0.57 0.46 2.51 
Nashua 1996 1 193 -13.14 0.52 24.15** 0.75 0.63 5.26 
2 234 -2.52 0.29 28.40** 0.78 0.49 4.46 
1997 1 162 7.58 0.48 2.00 0.20 1.06 3.15 
2 205 -1.30 0.43 24.67** 0.76 0.45 2.66 
3 249 -15.77 0.71 10.07** 0.59 0.89 5.47 
1998 1 154 -5.43 0.66 4.24 0.35 1.01 3.81 
2 197 -8.21 0.55 69.44** 0.90 0.37 2.25 
3 248 -0.20 0.33 8.91** 0.53 0.70 4.79 
" DOY = day of year. 
'' Double asterisks indicate models arc significant based on F-statistics at P < 0.01 level. 
Tabic 9. Intercepts, slopes, F-statistics, coefficients of detemiination (R"), standard errors of the estimate for y (SEEy), 
and coefficients of variation (CV) for AUDC models relating percentage defoliation (x) to alfalfa yield (y) for all the 
liarvesting dates in Ames and Nashua, lA 
Location Year Harvest DOY" Intercept Slope F-statistic'* SEEy CV 
Ames 1995 I 209 10.24 -0,45 4.07 0.34 0.82 13.29 
2 251 12.49 -0.22 5.14* 0.39 0,71 10.76 
1996 1 162 30.01 -0.25 6.42* 0.45 0.97 4.28 
2 201 17.73 0.07 0.16 0.02 0.59 3.08 
3 247 31.08 -0.39 1.68 0.17 0.96 4.53 
1997 1 160 53.15 -0.81 10.33** 0.56 1.23 5.35 
2 203 30.44 -0.59 4.45 0.36 1.03 5.22 
3 247 24.30 -0.36 4.87 0.38 0.56 3.01 
Nashua 1996 1 193 18.08 -0.78 4.39 0.35 1.02 8.47 
2 234 14.25 -0.27 7.99* 0.50 0.74 6.73 
1997 1 162 32.08 0.08 0.06 0.01 1.18 3.50 
2 205 28.41 -0.43 2.66 0.25 0.79 4.65 
3 249 24.35 -0.42 3.03 0.27 1.17 7.30 
1998 1 155 52.25 -0.70 3.71 0.32 1.03 3.89 
2 197 32.54 -0.53 4.07 0.34 0.94 5.70 
3 248 17.94 -0.12 0.60 0.07 0.98 6.71 
" DOY = day of year. 
^ Single and double asterisks indicate models arc significant based on F-statistics at P < 0.05 and P < 0.01 levels, 
respectively. 
Tabic 10. Intercepts, slopes, F-statistics, coefficients of detemiination (R'), standard cnors of the estimate for y (SEKy), and 
coefficients of variation (CV) for AURC models relating percentage refiectancc (x) to alfalfa yield (y) for all the growth cycles in 
Ames and Nashua, lA 
Location Year Harvest DOY" Intercept Slope F-statistic'* SEEy CV 
Ames 1995 1 209 -20.55 0.66 1.83 0.19 0.91 14.73 
2 251 -17.65 0.56 6.92* 0.46 0.67 10.10 
1996 1 163 -0.07 0.48 12.71** 0.61 0.81 3.57 
2 201 20.54 -0.04 0.02 0.00 0.59 3.11 
3 246 -23.63 0.89 8.47* 0.51 0.74 3.47 
1997 1 160 -58.81 2.14 15.23** 0.66 1.09 4.76 
2 203 -38.71 1.31 11.12** 0.58 0.83 4.21 
3 247 -24.37 0.86 9.91** 0.55 0.47 2.55 
Nashua 1996 1 193 -19.77 0.76 7.96* 0.50 0.89 7.46 
2 234 -20.63 0.92 15.78** 0.66 0.61 5.52 
1997 1 162 1.30 0.67 0.65 0.08 1.14 3.38 
2 205 -16.72 0.68 10.45** 0.57 0.60 3.53 
3 249 -56.43 1.54 9.79** 0.55 0.92 5.75 
1998 1 154 -11.49 0.89 1.73 0.18 1.13 4.27 
2 197 -16.81 0.90 10.99** 0.58 0.75 4.55 
3 248 -9.91 0.60 8.95* 0.53 0.70 4.78 
" DOY = day of year. 
Single and double asterisks indicate models are significant based on F-statistics at P < 0.05 and P < 0.01 levels, respectively. 
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Figure 1. Coefficients of determination (R2) values averaged over all single-point 
yield models as affected by week of assessment with respect to alfalfa harvest 
(cutting) date based on (A) percentage defoliation, and (B) percentage reflectance 
(810 nm) on different sampling dates in Ames and Nashua, lA. H = harvest date; 
H-1, H-2, H-3, and H-4 = sampling dates for I, 2, 3, and 4 weeks prior to harvest, 
respectively. 
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Figure 2. Effect of three fungicide treatments on percentage defoliation disease progress 
curves for alfalfa growth cycles in (A) Ames (1996), (B) Nashua (1997), and (C) Nashua 
(1998). NS = no significant relationship between percentage defoliation and yield for this 
epidemic (alfalfa growth cycle). 
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Figure 3. Effect of three fungicide treatments on percentage reflectance (810 nm) 
progress curves for alfalfa growth cycles in (A) Ames (1996), (B) Nashua (1997), 
and (C) Nashua (1998). NS = no significant relationship between percentage 
reflectance (810 nm) and yield for this epidemic (alfalfa growth cycle). 
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Figure 4. Relationships between percentage reflectance (810 nm) and percentage defoliation 
for (A) 28 May 1996, and (B) 4 September 1997 in Ames, lA. 
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Figure 5. Impact of foliar pathogens on alfalfa growth and development. Nonfungicide-
treated alfalfa stems (A) had fewer lateral branches and leaves compared with healthy alfalfa 
stems (fungicide-treated) (B). Alfalfa stems were sampled from fungicide and nonfungicide-
treated plots (second cutting) in 1998 in Ames, LA. 
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CHAPTER 5. RELATIONSHIPS BETWEEN PERCENTAGE DEFOLIATION, DRY 
WEIGHT, PERCENTAGE REFLECTANCE, LEAF-TO-STEM RATIO, AND 
GREEN LEAF AREA INDEX IN THE ALFALFA-LEAF SPOT PATHOSYSTEM 
A paper to be submitted to Journal of Remote Sensing of Environment 
J. Guan and F. W. Nutter, Jr. 
Abstract 
Field experiments were conducted to quantify the relationships between percentage 
defoliation, dry weight, percentage reflectance, leaf-to-stem ratio, and green leaf area index 
(GLAI) (sum of green leaf area index for primary and secondary leaves). A range of disease 
levels (different GLAI levels) was achieved by varying fungicide efficacy and application 
frequencies at two locations in Iowa (Ames and Nashua). The percentage of sunlight 
reflected from alfalfa canopies (810 nm) was measured weekly using a handheld, 
multispectral radiometer. Percentage defoliation, dry weight, and GLAI assessments also 
were conducted weekly. Percentage defoliation was assessed by destructively sampling 
alfalfa stems and then visually assessing the presence or absence of the primary leaf on the 
main node of each alfalfa stem. Dry weight was obtained by harvesting three randomly 
selected 0.48-m-diameter circles from each alfalfa plot. Leaf area index was measured from 
the same three 0.48-m-diameter circles fi^om each plot using a leaf area meter. GLAI was 
calculated from leaf area index by subtracting the nongreen leaf area (disease severity) from 
biomass samples. Leaf-to-stem ratio was calculated as the dry weight of leaves divided by 
the dry weight of alfalfa stems (without leaves). Single-point and area under the curve 
(AUC) models for six harvest dates were used to quantify and compare the relationships 
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between percentage defoliation, dry weight, percentage reflectance, leaf-to-stem ratio, and 
GLAI. On average, percentage reflectance explained 15, 3, 18, and 4% more of the 
variations in dry weight, green leaf area index for primary leaves (PGLAI), green leaf area 
index for secondary leaves (SGLAI), and GLAI, respectively, than percentage defoliation 
using single-point models. For area under the curve models, percentage reflectance 
explained 28, 19, 23, and 32% more of the variations in dry weight, PGLAI, SGLAI, and 
GLAI, respectively, than percentage defoliation. This study conclusively demonstrates that 
percentage reflectance measurements have a better relationship with dry weight, PGLAI, 
SGLAI, and GLAI than destructive and more labor-intensive percentage defoliation 
assessments. 
Introduction 
Alfalfa (Medicago saliva L.) is considered to be one of the most important forage 
crops grown in the United States as well as throughout the world (14, 27). Alfalfa plays an 
important role in soil conservation and also in improving soil nitrogen. It is estimated that 
more than 24 million acres of alfalfa are currently in production in the United States (14). 
Alfalfa, however, is susceptible to a number of plant pathogens including bacteria, fungi, 
viruses, phytoplasmas, and nematodes. Each of these pathogen groups has the potential to 
cause disease injury (stress) that limits alfalfa production (13, 27). Fungal diseases are by 
far the largest group of pathogens that causes alfalfa diseases and these continue to be 
responsible for significant reductions in alfalfa yield and quality because alfalfa varieties 
resistant to multiple pathogens are not currently available (14, 27). In Iowa, the most 
prevalent and damaging foliar diseases of alfalfa are spring black stem and leaf spot {PItoma 
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medicaginis Malbr. & Roum. var. medicaginis Boerema), summer black stem and leaf spot 
{Cercospora medicaginis Ellis &, Everh.), common leaf spot (Pseudopeziza medicaginis 
(Lib.) Sacc.), and Leptosphaerulina leaf spot {Leptosphaendina briosiana (Pollaci) J. H. 
Graham & Luttrell) (25). 
Green leaf area index (GLAI), the amount of green leaf area per unit ground area, is 
commonly used as a measure of vegetative growth and development (3). Alfalfa foliar 
diseases can cause severe reductions in GLAI due to leaf spotting, followed by premature 
defoliation. Reductions in forage yield and quality are directly related to reductions in GLAI 
and changes in leaf-to-stem ratios, which is a measure of alfalfa quality (4-6, 12, 27). These 
types of measurements, however, are labor intensive and usually require destructive 
sampling to achieve accurate estimates (3). GLAI is one of the most important agronomic 
characters of crops and this variable is frequently used as an input in yield growth models 
(31) .  
Disease assessment is the process of quantitatively measuring disease intensity in a 
host population (21). Traditionally, plant pathologists have employed visual disease 
assessment methods to measure disease intensity. These methods rely upon the human eye 
and brain to assess (quantify) disease intensity in host populations. Examples of different 
types of visual disease intensity assessment methods include disease incidence (the number 
of diseased leaves divided by the total number of leaves assessed x 100), disease severity 
(the diseased leaf area divided by the total leaf area x 100), and percentage defoliation (the 
number of defoliated leaves divided by the total number of leaves that should be present x 
1 GO). Although visual assessment methods are commonly employed by plant pathologists, 
visual assessment methods often possess several negative attributes: such methods usually 
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require destructive sampling, are often highly subjective, and are typically both labor-
intensive and time consuming to perform (18, 21). 
Remote sensing may provide an alternative method to quantify the effects of disease 
(stress) on plant populations. Remote sensing is defined as the acquisition of measurements 
from, a sampling unit (e.g., leaf, plant, plant canopy, plant population) without direct physical 
contact between the measuring device and the sampling unit (18, 20). Plants may respond to 
disease stress in a number of ways, including leaf spots (chlorosis or necrosis of 
photosynthetic plant parts), leaf blights, defoliation, leaf curling, stunting, and wilting. 
Although many of these responses are difficult to quantify visually with acceptable levels of 
accuracy, precision, and speed, these same plant responses also may affect the amount and 
quality of electromagnetic radiation reflected from plant canopies (18, 20, 21). Thus, remote 
sensing instruments that measure and record changes in electromagnetic radiation may 
provide a better means to objectively quantify the effects of disease stress on host 
populations than the more traditional visual assessment methods (19, 22). Another potential 
advantage of remote sensing is that plant canopies (sampling units) can be repeatedly 
assessed both noninvasively and nondestructively over time (17, 18,21). 
Because most alfalfa foliar pathogens are polycyclic in nature, the logistic model 
dy/dt = ry(l-y) often best describes disease progress (7). In this equation, y is the proportion 
of diseased host tissue, 1-y is the proportion of the healthy (nondiseased) tissue, and r is the 
estimated rate of disease progress. Visual disease assessment methods provide estimates of 
y, expressed as a proportion of the total amount of plant tissue, whereas remote sensing 
assessments provide estimates of 1-y in absolute units of yield and/or biomass (i.e., kg [dry 
weight], kg/ha, harvest index) as opposed to proportional measurements. Thus, remote 
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sensing assessments should have a better relationship with biomass and yield than 
percentage defoliation assessments (22, 23). 
Growth and duration of GLAI of a crop determines the percentage of the incident 
solar radiation that will be intercepted by the crop canopy over time, thereby influencing 
canopy photosynthesis, photosynthate production, and final yield (9). Even though 
respiration, absorption of nutrients from soil, and photosynthesis of organs other than leaves 
can also affect crop biomass and yield, it is not surprising that the yields of many crops are 
often closely related to GLAI and green leaf area index duration inasmuch as the 
contributions to yield from leaves (especially in alfalfa) far outweigh the contributions from 
other plant parts (10, 29, 30). Because remote sensing assessments often have a better 
relationship with yield than visual disease assessments and GLAI is often closely related to 
yield, remote sensing assessments also should have a better relationship with GLAI than 
percentage defoliation assessments. 
A number of research studies have been conducted to quantify the relationship 
between remote sensing assessments and GLAI for several crops (1-3, 15), and these studies 
have demonstrated that reflectance measurements in the near-infrared region (720-850 nm) 
often have a significant linear relationship with GLAI. Almihanna (1990) found that 
percentage reflectance in the 800 nm wavelength band explained 96% of the variation in 
GLAI in the peanut-late leafspot pathosystem (2). In a study using reflectance measurements 
to estimate the GLAI of oat canopies. Best and Harlan (3) found that reflectance 
measurements accounted for 65 to 73% of the variation in GLAI. Ajai et al. (1983) reported 
that percentage reflectance in the near-infrared region (815-825 nm) explained 62% of the 
variation in chickpea leaf area index (1). In a study conducted by Haverkort et al. (15), it 
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was found that reflectance from potato crop canopies measured in the near-infrared region 
(836-846 nm) explained 98% of the variation in leaf area index. 
Single- (critical) point models, multiple-point models, and area under the curve 
(auc) models are three types of empirical models that have been used to quantify the 
relationships between disease intensity assessments and yield, but these models also can be 
used to quantify the relationships between disease intensity, biomass (dry weight), 
reflectance from crop canopies, and GLAI (7, 21, 28). Single-point models for these 
variables could be used to relate disease intensity, dry weight, or percentage reflectance 
assessments performed at one specific time during the growing season (or at a specific 
growth stage of the host) to biomass (dry weight) and GLAI. Multiple-point GLAI models 
could be used to relate disease intensity, dry weight, and remote sensing assessments 
performed at two or more times during the course of a growing season to GLAI. But because 
it is difficult to find rational and biological explanations, multiple-point models are not 
widely used in plant pathology, and therefore, multiple-point models were not used in the 
present study (7, 21). Area under the curve models relate the areas under the disease or 
percentage reflectance curves to areas under the dry weight and GLAI curves, but the latter 
two methods usually require destructive sampling and are tedious and time consuming to 
perform. 
Based on the preceding points, it is our hypothesis that the percentage reflectance of 
sunlight from alfalfa canopies will have a better relationship with GLAI and dry weight than 
percentage defoliation assessments. If this hypothesis is true, then models based on remote 
sensing (percentage reflectance) measurements will predict GLAI and dry weight with 
greater precision (the higher coefficients of determination the smaller standard errors of the 
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estimate for y) compared with regression models using visual disease assessments 
(percentage defoliation). The objective of this study was to quantify and compare the 
relationships between percentage defoliation, dry weight, percentage reflectance measured 
from alfalfa canopies, and alfalfa GLAI, using both single-point and area under the curve 
models. 
.Materials and Methods 
Field experimental design. Alfalfa stands were established using cultivar "ICI 630" 
at the Iowa State University Agronomy Research Farm in Ames, lA, and the Iowa State 
University Northeast Research Farm in Nashua, lA, in 1995 and 1996, respectively. Field 
experiments were conducted in 1998 in Ames and in 1999 in Nashua. Foliar disease 
epidemics were allowed to develop naturally at both locations. In order to generate a broad 
range of disease intensity levels that would result in a broad range of GLAI levels, fungicides 
that varied in efficacy to control foliar diseases of alfalfa (azoxystrobin, chlorothalonil, 
cupric hydroxide, mancozeb, and propiconazole) and various application frequencies were 
employed. Each plot was 12.2 m long and 1.8 m wide with a 1.2-m nonfungicide-treated 
border surrounding each plot. Fungicides and application frequencies used in 1998 and 1999 
are presented in Tables 1 and 2. Fungicide sprays were initiated when alfalfa was 
approximately 15 cm high and for treatments involving two or more fungicide applications 
per growth cycle, subsequent applications were applied 10 days after the previous 
application. All fungicides were applied in 718 L water per ha equivalent using a CO2 -
pressurized sprayer operated at 40 psi (276 KPa). A randomized complete block design with 
four replications was used for both experiments. There were six treatments in Ames, lA, in 
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1998 (24 plots total). To increase the range of disease levels in 1999, two additional 
treatments, azoxystrobin (applied twice) and chlorothalonil (applied three times) per growth 
cycle were added to the 1999 experiment conducted in Nashua, lA (32 plots total). 
Visual disease assessments. Visual percentage defoliation and severity assessments 
were performed on each sampling date (five to seven sampling dates per growth cycle). 
Three 0.48-m-diameter circles (2 square feet) were randomly selected from each plot using a 
random number generator. Three alfalfa stems were sampled from each circle by cutting the 
stems at the ground level (i.e., nine alfalfa stems per plot). These nine alfalfa stems were 
bulked and stored in an ice cooler for later processing in the laboratory. The nine alfalfa 
stems were visually assessed for percentage defoliation (number of primary leaves missing 
on each primary node divided by the total number of primary nodes per stem x 100) and 
disease severity (diseased leaf area divided by the total leaf area x 100) for both primary and 
secondary leaves. One person (rater) was responsible for all visual disease assessments and 
this rater was trained to assess disease severity using the disease assessment training program 
"Alfalfa.Pro" (24). 
Dry weight and GLAI measurements. Leaf area measurements from each 
plot were obtained weekly by destructive sampling. After sampling the nine alfalfa 
stems (three from each circle), the remaining alfalfa stems from each circle were then 
removed by cutting all stems at the ground level. Alfalfa stems from each circle were 
placed in separate paper bags and dried at 60 ''C for three days in a forced-air oven, and 
the dry weight was then recorded. After completing visual disease assessments for the 
nine stem samples from each plot, the primary and secondary leaves were separated 
from petioles and stems. Subsamples (half of all the leaves) from the primary and 
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secondary leaves of the nine stems were arbitrarily selected and used to determine leaf 
area using a Delta-T leaf area meter (Decagon Device, Inc., Pullman, WA). The dry 
weight of primary leaves, secondary leaves, and stems (including petioles) was 
obtained after drying in a forced-air oven for 24 hours at 60 °C. 
To calculate GLAI, leaf area index for primary leaves (PLAI) and leaf area 
index for secondary leaves (SLAI) were calculated using the following equations: 
To calculate PLAI and SLAI, a is the dry weight of all the alfalfa biomass (stems, 
leaves, and petioles) from one plot; b is the dry weight of the nine stems (without leaves) 
from each plot; c and d are the leaf areas of the primary and secondary leaves obtained from 
each nine-stem sample, respectively; e and/are the dry weights of the primary and 
secondary leaves for which leaf area was not measured, respectively; and g and h are the dry 
weights of the primary and secondary leaves for which leaf area was measured, respectively. 
GLAI (total) was calculated using the following equations: 
PLAI =  
\ b  +  e  +  f  +  g  +  h  
/ 
SLAI = 
GLAI = PGLAI + SGLAI 
P G L A I  =  P L - i l  *  -  X , )  
S G L A I  =  S L A I *  { \ - x . )  
166 
where PGLAI is GLAI for the primary leaves, SGLAI is GLAI for the secondary leaves, Xi 
and X: are the disease severities expressed in proportions for primary and secondary leaves, 
respectively. 
Leaf-to-stem ratio. The leaf-to-stem ratio was calculated as the sum of the dry 
weight for primary and secondary leaves originating from the nine stems sampled from each 
plot divided by the dry weight of the nine stems (without leaves). 
Remote sensing assessments. Remote sensing assessments were conducted weekly 
for each growth cycle using a handheld, multispectral radiometer (CROPSCAN, Inc., 
Rochester, MN). Two percentage reflectance assessments were obtained from each circle 
(six assessments from each plot). Both the incident and reflected radiation from plot 
canopies were measured simultaneously in eight narrow (50 nm) wavelength bands (460, 
510, 560, 610, 660, 710, 760, and 810 rmi). Only percentage reflectance in the 810-nm 
wavelength band was used to develop single-point and AUC GLAI models, because 
percentage reflectance in the 810-nm wavelength band had the best relationship with biomass 
among all the wavelength bands that were recorded (data not shown). All percentage 
reflectance measurements were obtained between 1100 and 1500 hr CST from a sensor 
height of approximately one meter above ground level during cloud-free periods. The alfalfa 
canopy area for each remote sensing assessment was a 0.50-m-diameter circle (the same area 
as the area sampled for biomass). A bubble-spirit level mounted on the support pole of the 
radiometer was used to align the sensors to the appropriate (90*^) angle (22). 
Area under the percentage defoliation curve and area under the percentage 
reflectance curve models. Area under the curve models were constructed using the area 
under the percentage defoliation curve (AUDC) or area under the percentage reflectance 
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curve (810 run) (AURC) as separate independent variables, and area under the dry weight 
cur\ e (ADW), area under the GLAI for primary leaves curve (AUCPGLAI) and secondary 
leaves curve (AUCSGLAI), area under the leaf-to-stem ratio curve (AUCLSR), and area 
under the GLAI curve (AUCGLAI) as separate dependent variables. AUDC, AURC, ADW, 
AUCPGLAI, AUCSGLAI, AUCLSR, and AUCGLAI were calculated using the following 
equation: 
AUDC or AURC, or ADW or AUCPGLAI, or AUCSGLAI, or AUCLSR, or 
n-I 1 
AUCGLAI = X (- + a- ')) * -' - A) 
1 = 1 •• 
where a, are percentage defoliation, percentage reflectance, dry weight, PGLAI, SGLAI, leaf-
to-stem ratio, or GLAI obtained on the jth sampling date, tj is the ith disease assessment date 
from the first assessment date, and n is the total number of assessments conducted (5, 7). 
Because the time duration of each growth cycle was different, all those variables were 
standardized by dividing the number of days in that growth cycle. 
Data analysis. Single-point models were developed for each sampling date to 
quantify relationships among the following variables: percentage reflectance, percentage 
defoliation, dry weight, PGLAI, SGLAI, leaf-to-stem ratio, and GLAI (11, 16, 26). Area 
under the curve models for each growth cycle also were developed by regressing the area 
under the curves for percentage reflectance, and percentage defoliation against area under the 
leaf-to-stem ratio, PGLAI, SGLAI, dry weight, and GLAI curve. The goodness-of-fit of all 
models was based on (i) the F-statistic, (ii) the coefficient of determination (R^), (iii) the 
standard error of the estimate for y (SEEy), and (iv) the coefficient of variation (CV). The F-
statistic is used to test the significance (P <0.10) of the relationship between the independent 
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and dependent variable. The coefficient of determination (R") indicates the proportion of the 
variation in the dependent variable that is explained by independent variables. In general, 
the higher the coefficient of determination (R"), the better the relationship between the 
independent variable and dependent variable. The smaller the SEEy, the smaller the 
standard error about a predicted y. Finally, the lower the CV, the higher the precision in 
measuring independent and dependent variables. Thus, if the dependent variable is kept 
constant, the precision among the different independent variables (assessment methods) can 
be directly compared. 
Results 
Range of foliar epidemic levels. A range of foliar disease stress levels was 
generated by utilizing different fungicides and application frequencies (Figures 1 and 2). 
Fungicide treatments had significant effects on percentage defoliation, dry weight, 
percentage reflectance (810 nm), PGLAI, SGLAI, leaf-to-stem ratio, and GLAI of alfalfa. 
Usually, the biggest differences among treatments were achieved on the date of harvest or 
one to two weeks prior to harvest. 
Linear regressions were conducted between percentage defoliation, percentage 
reflectance (810-nm), and GLAI. The coefficients of determination (R~) for single-point 
GLAI models based on percentage defoliation assessments and percentage of sunlight 
reflected from alfalfa canopies in the 810 nm wavelength band measurements were averaged 
over all sampling dates (Figure 3). It was found that coefficients of determination (R^) 
relating either percentage reflectance (810 nm) or percentage defoliation (x) to GLAI (y) 
were highest when percentage defoliation and percentage reflectance assessments were 
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obtained on the date that alfalfa plots were harvested (last sampling date for each alfalfa 
growth cycle). Thus, models based on only harvest date assessments were developed and 
compared. 
Relationships between percentage defoliation and dry weight. There were 
significant linear relationships between percentage defoliation and dry weight for three of the 
six assessment dates (harvests) in 1998 and 1999 (Table 3). The three significant models are 
shown in Figure 4 A-C. The slopes for the three significant models relating percentage 
defoliation to dry weight ranged from -12.69 to -3.20, indicating that dry weight decreased 
from 3.20 to 12.69 g/m^ for each 1% increase in percentage defoliation. The coefficients of 
determination for the three significant models ranged from 0.55 to 0.74, indicating that 55 to 
74% of the variation in dry weight could be explained by percentage defoliation. Standard 
errors of the estimate for y for the three significant models ranged from 15.47 to 16.34 g/m", 
indicating the error associated with a predicted y using percentage defoliation to predict dry 
weight would be ± 15.47 to 16.34 g/m~, respectively. The coefficients of variation for the 
three significant models ranged from 2.63 to 4.07, which indicates that percentage defoliation 
could be used to predict dry weight with high precision. 
Relationships between percentage defoliation and PGLAI. There were significant 
linear relationships between percentage defoliation and PGLAI for four of the six assessment 
dates (harvests) in 1998 and 1999 (Table 3). The relationships between percentage 
defoliation and PGLAI for two of the four significant models are shown in Figure 5 A-D. 
Slopes for the four significant models relating percentage defoliation to PGLAI ranged from 
-0.024 to -0.10, indicating that PGLAI decreased 0.024 to 0.10 units for each 1% increase in 
percentage defoliation. The coefficients of determination for the four significant models 
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ranged from 0.62 to 0.88, indicating that 62 to 88% of the variation in PGLAI could be 
explained by percentage defoliation. Standard errors of the estimate for y for the four 
significant models ranged from 0.06 to 0.15 units, indicating that the error associated with a 
predicted y using percentage defoliation to predict PGLAI would be ± 0.06 to 0.15 units. 
The coefficients of variation for the four significant models ranged from 7.96 to 10.48, which 
indicates that the precision in using percentage defoliation to predict PGLAI was not very 
high. 
Relationship between percentage defoliation and SGLAI. There were significant 
linear relationships between percentage defoliation and SGLAI for three of the six 
assessment dates (harvests) in 1998 and 1999 (Figure 6 A-C). Slopes for the three significant 
models relating percentage defoliation to SGLAI ranged fi-om -0.014 to -0.11, indicating that 
SGLAI decreased 0.014 to 0.11 units for each 1% increase in percentage defoliation. The 
coefficients of determination for the three significant models ranged fi-om 0.41 to 0.57, 
indicating that 41 to 57% of the variation in SGLAI could be explained by percentage 
defoliation. Standard errors of the estimate for y for the three significant models ranged from 
0.14 to 0.20, indicating that the error associated with a predicted y using percentage 
defoliation to predict SGLAI would be ± 0.14 to 0.20 units. The coefficients of variation for 
the three significant models ranged from 9.37 to 12.18, indicating that the precision using 
percentage defoliation to predict SGLAI was fair (Table 3). 
Relationships bet>veen percentage defoliation and GLAl. There were significant 
linear relationships between percentage defoliation and GLAI for three of the six assessment 
dates (harvests) in 1998 and 1999 (Figure 7 A-C). Slopes for the three significant models 
relating percentage defoliation to GLAI ranged from -0.21 to -0.041, indicating that GLAI 
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decreased 0.041 to 0.21 units for each 1% increase in percentage defoliation. The 
coefficients of determination for the three significant models ranged from 0.51 to 0.76, 
indicating that 51 to 76% of the variation in GLAI could be explained by percentage 
defoliation. Standard errors of the estimate for y for the three significant models ranged from 
0.20 to 0.26 units, indicating that the error associated with a predicted y would be ± 0.20 to 
0.26 units. The coefficients of variation for the three significant models ranged from 7.83 to 
10.67, indicating that the precision using percentage defoliation to predict GLAI was good 
(Table 3). 
Relationships bet>veen percentage defoliation and ieaf-to-stem ratio. There were 
significant linear relationships between percentage defoliation (810 nm) and leaf-to-stem 
ratio for three of the six assessment dates (harvests) in 1998 and 1999 (Figure 8 A-C). 
Slopes for the three significant models relating percentage defoliation to leaf-to-stem ratio 
ranged from -0.0069 to -0.0074, indicating that leaf-to-stem ratio decreased 0.0069 to 0.0074 
units for each 1% increase in percentage defoliation. The coefficients of determination for 
the three models ranged from 0.41 to 0.89, indicating that 41 to 89% of the variation in leaf-
to-stem ratio could be explained by percentage defoliation. Standard errors of the estimate 
for y for the three significant models ranged from 0.016 to 0.051 units, indicating the error 
associated with a predicted y using percentage defoliation to predict leaf-to-stem ratio would 
be ± 0.016 to 0.051 units. The coefficients of variation for the three significant models 
ranged from 2.15 to 7.04, indicating that the precision using percentage defoliation to predict 
leaf-to-stem ratio for different harvest dates was very good (Table 3). 
Relationships between percentage reflectance and dry weight. There were 
significant linear relationships between percentage reflectance and dry weight for four of the 
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six assessment dates (harvests) in 1998 and 1999 (Figure 9 A-D). Slopes for the four 
significant models relating percentage reflectance to dry weight ranged from 7.83 to 15.85, 
indicating that dry weight increased 7.83 to 15.85 g/m" for each 1% increase in percentage 
reflectance. The coefficients of determination for the four significant models ranged from 
0.68 to 0.88, indicating that 68 to 88% of the variation In dry weight could be explained by 
percentage reflectance. Standard errors of the estimate for y for the four significant models 
ranged from 9.83 to 20.78 g/m", indicating the error associated with a predicted y using 
percentage reflectance to predict dry weight would be ± 9.83 to 20.78 g/m". The coefficients 
of variation for the four significant models ranged from 1.94 to 5.70, indicating that the 
precision in using percentage reflectance to predict dry weight was extremely high (Table 3). 
Relationships between percentage reflectance and PGLAI. There were significant 
linear relationships between percentage reflectance and PGLAI for four of the six assessment 
dates (harvests) in 1998 and 1999 (Figure 10 A-D). Slopes for the four significant models 
relating percentage reflectance to PGLAI ranged from 0.041 to 0.086, indicating that PGLAI 
increased 0.041 to 0.086 units for each 1% increase in percentage reflectance. The 
coefficients of determination for the four significant models ranged from 0.70 to 0.91, 
indicating that 70 to 91% of the variation in PGLAJ could be explained by percentage 
reflectance. Standard errors of the estimate for y for the four significant models ranged from 
0.070 to 0.090 units, indicating the error associated with a predicted y using percentage 
reflectance to predict PGLAI would be ± 0.070 to 0.090 units. The coefficients of variation 
for the four significant models ranged from 7.01 to 10.76, indicating that the precision using 
percentage reflectance to predict PGLAI was good to very good for different harvest dates 
(Table 3). 
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Relationships between percentage reflectance and SGLAl. There were significant 
linear relationships between percentage reflectance and SGLAI for three of the six 
assessment dates (harvests) in 1998 and 1999 (Figure 11 A-C). Slopes for the three 
significant models relating percentage reflectance to SGLAI ranged ft"om 0.051 to 0.079, 
indicating that SGLAI increased 0.051 to 0.079 units for each 1% increase in percentage 
reflectance. The coefficients of determination for the three significant models ranged from 
0.59 to 0.69, indicating that 59 to 69% of the variation in SGLAI could be explained by 
percentage reflectance. Standard errors of the estimate for y for the three significant models 
ranged from 0.10 to 0.17 units, indicating the error associated with a predicted y using 
percentage reflectance to predict SGLAI would be ± 0.10 to 0.17 units. The coefficients of 
variation for the three significant models ranged from 6.97 to 10.20, indicating the precision 
using percentage reflectance to predict SGLAI was good to very good (Table 3). 
Relationships bet>veen percentage reflectance and GLAl. There were significant 
linear relationships between percentage reflectance and GLAI for four of the six assessment 
dates (harvests) in 1998 and 1999 (Figure 12 A-D). Slopes for the four significant models 
relating percentage reflectance to GLAI ranged from 0.10 to 0.20, indicating that GLAI 
increased 0.10 to 0.20 units for each 1% increase in percentage reflectance. The coefficients 
of determination for the four significant models ranged from 0.51 to 0.94, indicating that 51 
to 94% of the variation in GLAI could be explained by percentage reflectance. Standard 
errors of the estimate for y for the four significant models ranged from 0.10 to 0.33, 
indicating the error associated with a predicted y using percentage reflectance to predict 
GLAI would be ± 0.10 to 0.33 units. The coefficients of variation for the four significant 
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models ranged from 4.00 to 10.04, indicating that precision was good to excellent using 
percentage reflectance to predict GLAI for different harvest dates (Table 3). 
Relationships bet>veen percentage reflectance and leaf-to-stem ratio. There were 
significant linear relationships between percentage reflectance and leaf-to-stem ratio for three 
of the six assessment dates (harvests) in 1998 and 1999 (Figure 13 A-C). Slopes for the three 
significant models relating percentage reflectance to leaf-to-stem ratio ranged from 0.0093 to 
0.023, indicating that leaf-to-stem ratio increased 0.0093 to 0.023 units for each 1% increase 
in percentage reflectance. The coefficients of determination for the three significant models 
ranged from 0.40 to 0.60, indicating that 40 to 60% of the variation in leaf-to-stem ratio 
could be explained by percentage reflectance. Standard errors of the estimate for y for the 
three significant models ranged from 0.021 to 0.050 units, indicating the error associated 
with a predicted y using percentage reflectance to predict leaf-to-stem ratio would be ± 0.021 
to 0.050 units. The coefficients of variation for the three significant models ranged from 4.58 
to 6.88, indicating that the precision using percentage reflectance to predict leaf-to-stem ratio 
was extremely high (Table 3). 
On average, percentage reflectance explained 15, 3, 18, and 4% more of the 
variations in dry weight, PGLAI, SGLAI, and GLAI, respectively, than percentage 
defoliation. These results demonstrate that the percentage reflectance of sunlight obtained 
from alfalfa canopies was better than percentage defoliation assessments to predict dry 
weight, PGLAI, SGLAI, and GLAI. Percentage reflectance, however, explained 10% less of 
the variation in leaf-to-stem ratio than percentage defoliation averaged over the significant 
models (Table 3). 
175 
Relationships between percentage defoliation, dry weight, percentage reflectance 
(810 ntn), PGLAI, SGLAI, leaf-to-stem ratio, and GLAl using area under the curve 
models 
Relationships between area under the percentage defoliation curve and area 
under the dry weight curve. There was a significant linear relationship between area under 
the percentage defoliation curve and area under the dry weight curve for only one of the six 
harvest cycles in 1998 and 1999 (Table 4). The slope for the significant model relating area 
under the percentage defoliation curve to area under the dry weight curve was -3.04, 
indicating that area under the dry weight curve decreased 3.04 g/m~ for each 1% increase in 
area under the percentage defoliation curve. The coefficient of determination for the 
significant model was 0.42, indicating that 42% of the variation in area under the dry weight 
curve could be explained by area under the percentage defoliation curve. Standard error of 
the estimate for y for the significant model was 11.92 g/m", indicating the error associated 
with a predicted y using area under the percentage defoliation curve to predict area under the 
dry weight curve would be ± 11.92 g/m". The coefficient of variation for the significant 
model was 7.66, indicating that the precision was very good using area under the percentage 
defoliation curve to predict area under the dry weight curve for this one model. 
Relationships between area under the percentage defoliation curve and area 
under the PGLAI curve. There were significant linear relationships between area under the 
percentage defoliation curve and area under the PGLAI curve for two of the six harvest 
cycles in 1998 and 1999 (Table 4). Slopes for the two significant models relating area under 
the percentage defoliation curve to area under the PGLAI curve were -0.024 and -0.076, 
respectively, indicating that area under the PGLAI curve decreased 0.024 and 0.076 units for 
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each 1% increase in area under the percentage defoliation curve. The coefficients of 
determination for the two significant models were 0.45 and 0.52, respectively, indicating that 
45 and 52% of the variation in area under the PGLAI curve could be explained by area under 
the percentage defoliation curve, respectively. Standard errors of the estimate for y for the 
significant models were 0.055 and 0.089 units, respectively, indicating the error associated 
with a predicted y using area under the percentage defoliation curve to predict area under the 
PGLAI curve would be ± 0.055 and 0.089 units, respectively. The coefficients of variation 
for the two significant models were 5.28 and 8.52, respectively, indicating that the precision 
would be very good to excellent using area under the percentage defoliation curve to predict 
area under the PGLAI curve. 
Relationships between area under the percentage defoliation curve and area 
under the SGLAI curve. There were significant linear relationships between area under the 
percentage defoliation curve and area under the SGLAI curve for two of the six harvest 
cycles in 1998 and 1999 (Table 4). Slopes for the two significant models relating area under 
the percentage defoliation curve to area under the SGLAI curve were -0.042 and -0.024, 
respectively, indicating that area under the SGLAI curve decreased 0.024 and 0.042 units for 
each 1% increase in area under the percentage defoliation curve. The coefficients of 
determination for the two significant models were 0.42 and 0.44, respectively, indicating that 
42 and 44% of the variation in area under the SGLAI curve could be explained by area under 
the percentage defoliation curve, respectively. Standard errors of the estimate for y for the 
significant models were 0.074 and 0.093 units, respectively, indicating the error associated 
with a predicted y using area under the percentage defoliation curve to predict area under the 
SGLAI curve would be ± 0.074 and 0.093 units, respectively. The coefficients of variation 
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for the two significant models were 8.15 and 11.81, respectively, indicating that the precision 
would be very good to fair using area under the percentage defoliation curve to predict area 
under the SGLAI curve. 
Relationships between area under the percentage defoliation curve and area 
under the GLAI curve. There were significant linear relationships between area under the 
percentage defoliation curve and area under the GLAI curve for two of the six harvest cycles 
in 1998 and 1999 (Table 4). Slopes for the two significant models relating area under the 
percentage defoliation curve to area under the GLAI curve were -0.075 and -0.048, 
respectively, indicating that area under the GLAI curve decreased 0.075 and 0.048 units for 
each 1 % increase in area under the percentage defoliation curve, respectively. The 
coefficients of determination for the two significant models were 0.46 and 0.50, respectively, 
indicating that 46 and 50% of the variation in area under the GLAI curve could be explained 
by area under the percentage defoliation curve, respectively. Standard errors of the estimate 
for y for the significant models were 0.13 and 0.16 units, respectively, indicating the error 
associated with a predicted y using area under the percentage defoliation curve to predict area 
under the GLAI curve would be ± 0.13 and 0.16 units, respectively. The coefficients of 
variation for the two significant models were 5.84 and 8.67, respectively, indicating that the 
precision would be very good to excellent using area under the percentage defoliation curve 
to predict area under the GLAI curve. 
Relationships between area under the percentage defoliation curve and area 
under the leaf-to-stem ratio curve. There was a significant linear relationship between area 
under the percentage defoliation curve and area under the leaf-to-stem ratio curve for only 
one of the six harvest cycles in 1998 and 1999 (Table 4). The slope for the one significant 
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model relating area under the percentage defoliation curve to area under the leaf-to-stem ratio 
curve was -0.0090, indicating that area under the leaf-to-stem ratio curve decreased 0.0090 
units for each 1% increase in the area under the percentage defoliation curve. The coefficient 
of determination for this model was 0.46, indicating that 46% of the variation in area under 
the leaf-to-stem ratio curve could be explained by area under the percentage defoliation 
curve. The standard error of the estimate for y for this model was 0.032 units, indicating the 
error associated with a predicted y would be ± 0.032 units. The coefficients of variation for 
this model was 3.30, indicating that the precision using area under the percentage defoliation 
cur\ e to predict area under the leaf-to-stem ratio curve was extremely high. 
Relationships between area under the percentage reflectance curve and area 
under the dry weight curve. There were significant linear relationships between area under 
the percentage reflectance curve and area under the dry weight curve for four of the six 
harv est cycles in 1998 and 1999 (Figure 14 A-D). Slopes for the four significant models 
relating area under the percentage reflectance curve to area under the dry weight curve 
ranged from 6.08 to 10.87, indicating that area under the dry weight curve increased 6.08 to 
10.87 g/m" for each 1% increase in area under the percentage reflectance curve. The 
coefficients of determination for the four significant models ranged fi-om 0.64 to 0.74, 
indicating that 64 to 74% of the variation in area under the dry weight curve could be 
explained by area under the percentage reflectance curve. Standard errors of the estimate for 
y for the four significant models ranged from 6.93 to 11.40 g/m~, indicating the error 
associated with a predicted y using area under the percentage reflectance curve to predict 
area under the dry weight curve would be ± 6.93 to 11.40 g/m*. The coefficients of variation 
for the four significant models ranged fi-om 2.06 to 5.52, indicating that the precision would 
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be extremely high using area under the percentage reflectance curve to predict area under the 
dry weight curve (Table 4). 
Relationships bet^veen area under the percentage reflectance curve and area 
under the PGLAI curve. There were significant linear relationships between area under the 
percentage reflectance curve and area under the PGLAI curve for all six harvest cycles in 
1998 and 1999 (Figure 15 A-F). Slopes for the six significant models relating area under the 
percentage reflectance curve to area under the PGLAI curve ranged from 0.028 to 0.35, 
indicating that area under the PGLAI curve increased 0.028 to 0.35 units for each 1% 
increase in area under the percentage reflectance curve. The coefficients of determination for 
the six significant models ranged fi-om 0.55 to 0.84, indicating that 55 to 84% of the variation 
in area under the PGLAI curve could be explained by area under the percentage reflectance 
curve. Standard errors of the estimate for y for the six significant models ranged fi-om 0.034 
to 0.10 units, indicating the error associated with a predicted y using area under the 
percentage reflectance curve to predict area under the PGLAI curve would be ± 0.034 to 0.10 
units. The coefficients of variation for the six significant models ranged fi'om 3.20 to 5.37, 
indicating that the precision using area under the percentage reflectance curve to predict area 
under the PGLAI curve would be extremely high (Table 4). 
Relationships between area under the percentage reflectance curve and area 
under the SGLAI curve. There were significant linear relationships between area under the 
percentage reflectance curve and area under the SGLAI curve for all the six harvest cycles in 
1998 and 1999 (Figure 16 A-F). Slopes for the six significant models relating area under the 
percentage reflectance curve to area under the SGLAI curve ranged fi'om 0.042 to 0.10, 
indicating that area under the SGLAI curve increased 0.042 to 0.10 units for each 1% 
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increase in area under the percentage reflectance curve. The coefficients of determination for 
the six significant models ranged from 0.54 to 0.83, indicating that 54 to 83% of the variation 
in area under the SGLAI curve could be explained by area under the percentage reflectance 
curve. Standard errors of the estimate for y for the six significant models ranged from 0.028 
to 0.13 units, indicating the error associated with a predicted y using area under the 
percentage reflectance curve to predict area under the SGLAI curve would be ± 0.028 to 0.13 
units. The coefficients of variation for the six significant models ranged from 1.88 to 10.24, 
indicating that precision using area under the percentage reflectance curve to predict area 
under the SGLAI curve was extremely high to good (Table 4). 
Relationships between area under the percentage reflectance curve and area 
under the GLAI curve. There were significant linear relationships between area under the 
percentage reflectance curve and area under the GLAI curve for all of the six harvest cycles 
in 1998 and 1999 (Figure 17 A-F). Slopes for the six models relating area under the 
percentage reflectance curve to area under the GLAI curve ranged from 0.073 to 0.49, 
indicating that area under the GLAI curve increased 0.073 to 0.49 units for each 1% increase 
in area under the percentage reflectance curve. The coefficients of determination for the six 
models ranged from 0.73 to 0.90, indicating that 73 to 90% of the variation in area under the 
GLAI curve could be explained by area under the percentage reflectance curve. Standard 
errors of the estimate for y for the six models ranged from 0.055 to 0.14 units, indicating the 
error associated with a predicted y using area under the percentage reflectance curve to 
predict area under the GLAI curve would be ± 0.055 to 0.14 units. The coefficients of 
variation for the six models ranged from 2.10 to 5.86, indicating that the precision would be 
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extremely high using area under the percentage reflectance curve to predict area under the 
GLAI curve (Table 4). 
Relationships bet^veen area under the percentage reflectance curve and area 
under the leaf-to-stem curve. There were no significant linear relationships between the 
areas under the percentage reflectance curves and areas under the leaf-to-stem curves for any 
of the six harvest cycles in 1998 and 1999 (Table 4). 
In summary, these results demonstrate that area under the percentage reflectance 
cur\ e explained more of the variation in area under the dry weight, PGLAI, SGLAJ, and 
GLAI curve than area under the percentage defoliation curve. Averaged over the significant 
models, area under the percentage reflectance curve explained 28, 19, 23, and 32% more of 
the variation in area under the dry weight, PGLAI, SGLAJ, and GLAI curve, respectively, 
than area under the percentage defoliation curve. But, area under the percentage defoliation 
curve had a significant relationship with leaf-to-stem ratio for one of the six harvest cycles 
and there were no significant relationships between areas under the percentage reflectance 
curves and areas under the leaf-to-stem ratio curves for any of the six harvest cycles (Table 
4). 
Comparison of single-point models and area under the curve models. Single-
point models based on percentage defoliation explained more of the variations in dry weight, 
PGLAI, SGLAI, GLAI, and leaf-to-stem ratio than area under the percentage defoliation 
curve. Averaged over the significant models, single-point models based on percentage 
defoliation explained 66, 75, 47, 72, and 62% of the variations in those variables, 
respectively; whereas area under the curve models based on percentage defoliation explained 
42, 49, 43, 48, and 46% of the variations in those variables, respectively. 
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There were significant relationships between percentage reflectance and dry weight 
for four out the six harvest cycles for single-point models and area under the curve models. 
Averaged over the significant models, single-point models based on percentage reflectance 
explained 11% more of the variation in dry weight than area under the curve models. Area 
under the curve models based on percentage reflectance, however, had better relationships 
with PGLAI. SGLAI, and GLAI than single-point models. There were significant 
relationships between area under the percentage reflectance curve and area under the PGLAI, 
SGLAI, and GLAI curves for all the six harvest cycles, whereas there were significant 
relationships between percentage reflectance and these same variables for only four, three, 
and four harvests, respectively. 
Three were no significant linear relationships between percentage reflectance and 
ieaf-to-stem ratio using area under the curve models, whereas there were significant linear 
relationships between percentage reflectance and leaf-to-stem ratio for three of the six 
harvest cycles using single-point models. 
Discussion 
These results supported the hypothesis that percentage reflectance measurements 
would have a better relationship with GLAI (sum of PGLAI and SGLAI) than visual 
estimates of percentage defoliation. The defoliation assessment method used in our study 
measures the presence or absence of the primary leaves on the main nodes of each alfalfa 
stem sampled; however, this method may not assess the true impact of foliar diseases on the 
growth and development of secondary lateral branches and leaves. But remote sensing 
measurements provided more precise information about the impact of foliar diseases on the 
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entire alfalfa canopy as a whole, including those on lateral branches. Thus, percentage 
reflectance can provide quantitative information concerning the overall health (GLAJ) of 
alfalfa canopies. 
Nondestructive percentage reflectance measurements had a strong linear relationship 
with GLAI. The GLAJ method of assessing plant health was more labor intensive, took more 
time, and required destructively sampling than measuring percentage reflectance. Thus, 
remote sensing provided a faster and more precise method to nondestructively (and 
noninvasively) estimate GLAI. 
Percentage defoliation explained more of the variations in dry weight, green leaf area 
index for primary leaves, green leaf area index for secondary leaves, and GLAI using single-
point models than using area under the curve models. Area under the curve models might be 
expected to have a better relationship with these variables than single-point models, 
inasmuch as alfalfa biomass and foliar diseases both increase at different rates with respect to 
time throughout a growth cycle. Results from our study conclusively demonstrate, however, 
that area under the curve models based on percentage defoliation were not as good as single-
point models. This result may be related to the fact that the greatest injury (defoliation) to 
alfalfa caused by foliar diseases usually occurs late in the alfalfa growth cycle (5, 7). We 
found that disease assessments performed near the end of a growth cycle often had the best 
relationship with dry weight, PGLAI, SGLAJ, and GLAI. Percentage defoliation 
assessments obtained near the end of the growth cycle also had a better relationship with dry 
weight, PGLAI, SGLAJ, and GLAI because it was during this phase of the alfalfa growth 
cycle that percentage defoliation levels were at their highest. Cornell and Berger (1987) have 
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shown that the higher the level of disease intensity, the higher the coefficient of 
determination (R") in regression models (8). 
Contrary to percentage defoliation, the relationships between percentage reflectance 
and PGLAI, SGLAI, and GLAI using area under the curve models explained more of the 
variations in those variables than single point models. This may be due to the fact that 
PGLAI, SGLAI, and GLAI were obtained at one single-point in time (harvest date) for the 
single-point models, whereas PGLAI, SGLAI, and GLAI in the area under the curve models 
represented the integral accumulation of multiple assessments over a growth cycle (29). 
Accumulated PGLAI, SGLAI, and GLAI values resulted in a broader range of values than 
single-point values of PGLAI, SGLAI, and GLAI obtained at the time of harvest, and the 
range of response values also has been shown to have a significant effect on the coefficient of 
determination for regression models (8). 
Stronger linear relationships between percentage defoliation, dry weight, percentage 
reflectance, PGLAI, SGLAI, and GLAI were found for the experiment conducted in 1999 in 
Nashua, lA, than for the experiment in 1998 in Ames, lA. This is due to the fact that three 
were two more fungicide treatments in 1999 (degree of fi-eedom for linear regression = 6) 
than the experiment conducted in 1998 in Ames, lA (degree of fi-eedom for linear regression 
= 4). Also, the ranges of percentage defoliation, percentage reflectance, dry weight, and 
GLAI for the experiment conducted in 1999 in Nashua, lA, were wider than the experiment 
conducted in 1998 in Ames, lA (Figure 1). Thus, more significant relationships between 
those variables were found for the experiment conducted in 1999 in Nashua, lA, than for 
experiment in 1998 in Ames, lA. 
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Both PGLAI and SGLAI increased with respect to time at the beginning of the 
growth cycle (Figure 2). PGLAI usually peaks one to several weeks prior to harvest, and 
then decreases until harvest due to the effects of foliar diseases and natural senescence 
occurring at a faster rate than the production of new leaves. Thus, overall GLAI increased 
over time from the beginning of a growth cycle and peaked one to three weeks prior to 
harvest (Figure 1). A decrease in GLAI then often occurred one to three weeks before 
har\ est because during this stage of the alfalfa growth cycle, the rate of defoliation for 
primary and secondary leaves exceeded the growth rate (of new leaves) as alfalfa approached 
flowering. 
This research conclusively demonstrates that remote sensing was superior to visually 
assessing percentage defoliation or destructively measuring dry weight, PGLAI, SGLAI, and 
GLAI. Percentage of sunlight reflected from alfalfa canopies explained more of the 
variation in these variables than percentage defoliation assessments obtained visually. In 
addition, remote sensing assessments required less labor and took less time to estimate GLAI 
than the best visual disease assessment method. Remote sensing also estimated GLAI 
nondestructively and repetitively whereas GLAI and visual disease assessment methods 
required destructive sampling. 
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Table 1. Fungicides and application frequencies per growth cycle for the experiment 
conducted in 1998 in Ames, lA 
Treatment Fungicide Application Active 
Frequency insredient/ha 
1 Mancozeb Once 1.97 kg 
2 Propiconazole Once 0.25 1 
J Cupric Hydroxide Once 1.97 kg 
4 Chlorothalonil Twice 2.041 
5 Chlorothalonil Weekly 2.04 1 
Control None 
Table 2. Fungicides and application frequencies per growth cycle for the experiment 
conducted in 1999 in Nashua, lA 
Treatment Fungicide Application Active 
frequency ingredient/ha 
1 Mancozeb Once 1.97 kg 
2 Propiconazole Once 0.25 1 
J Cupric Hydroxide Once 1.97 kg 
4 Chlorothalonil Twice 2.04 I 
5 Chlorothalonil Weekly 2.04 1 
6 Chlorothalonil Three 2.04 1 
7 Azoxystrobin Twice 0.57 1 
Control None 
Tabic 3. F-stalistics, intercepts, slopes, coefficients of determination (R'), standard eiTors of the estimate for y (SEEy), and 
coefficients of variation (CV) for relationships between percentage defoliation, dry weight, percentage rcflectancc, green leaf area 
index for primary leaves (PGLAI), green leaf area index for secondary leaves (SGLAl), leaf-to-stem ratio, and green leaf area 
index for harvest dates in 1998 in Ames and in 1999 in Nashua, lA 
Location 
Year Harvest F-statistic Intercept Slope" SEEy CV 
Percentage defoliation vs. Ames 1 4.89 889.03 -7.26* 0.55 16.34 2.63 
Dry weight 1998 2 0.12 508.26 -1.54 0.03 42.11 9.59 
3 1.40 482.61 -3.36 0.26 31.44 8.63 
Nashua 1 12.74 1033.07 -12.69* 0.68 16.20 3.07 
1999 2 17.07 470.76 -3.20* 0.74 15.47 4.07 
3 1.87 307.98 -2.10 0.24 24.48 10.49 
Percentage defoliation vs. Ames 1 0.01 2.49 -0.0041 0.00 0.17 7.40 
PGLAI 1998 2 13.20 1.83 -0.024* 0.77 0.06 7.96 
3 10.30 2.03 -0.028* 0.72 0.10 9.32 
Nashua 1 9.70 5.50 -0.10* 0.62 0.15 10.48 
1999 2 43.15 1.82 -0.028* 0.88 0.09 8.27 
3 3.16 1.36 -0.015 0.35 0.13 15.93 
Percentage defoliation vs. Ames 1 0.00 2.63 0.00 0.00 0.13 4.93 
SGLAl 1998 2 0.65 2.80 -0.025 0.14 0.29 17.32 
3 1.31 3.40 -0.034 0.25 0.32 14.56 
Nashua 1 8.00 6.19 -0.11* 0.57 0.17 9.37 
1999 2 4.23 1.87 -0.014* 0.41 0.14 9.57 
3 4.39 2.58 -0.026* 0.42 0.20 12.18 
Percentage defoliation vs. Ames 1 0.01 5.12 -0.003 0.00 0.25 5.07 
Green leaf area index 1998 2 1.84 4.63 -0.049 0.31 0.34 13.78 
Tabic 3 (continued) 
Location 
Year Harvest F-statistic Intercept Slope" SEEy cv 
3 3.63 5.42 -0.062 0.48 0.36 10.97 
Nashua 1 13.57 11.70 -0.21* 0.69 0.26 7.93 
1999 2 18.84 3.70 -0.042* 0.76 0.20 7.83 
3 6.15 3.94 -0.041* 0.51 0.26 10.67 
Percentage defoliation vs. Ames 1 0.10 0.38 0.0021 0.02 0.033 7.20 
Leaf-to-stem ratio 1998 2 1.78 0.74 -0.0068 0.31 0.048 11.04 
3 0.64 0.62 -0.0021 0.14 0.029 5.26 
Nashua 1 4.14 0.71 -0.0074* 0.41 0.017 4.01 
1999 2 7.27 0.92 -0.0069* 0.55 0.051 7.04 
3 48.66 1.02 -0.0072* 0.89 0.016 2.15 
Percentage reflectance vs. Ames 1 6.03 1466.82 -17.27 0.60 15.33 2.47 
Dry weight 1998 2 1.40 -81.61 13.01 0.26 36.78 8.38 
3 8.35 -395.09 15.85* 0.68 20.78 5.70 
Nashua 1 40.66 148.35 9.63* 0.87 10.27 1.94 
1999 2 23.00 50.30 9.14* 0.79 13.80 3.63 
3 42.81 -60.49 7.83* 0.88 9.83 4.21 
Percentage reflectance vs. Ames 1 0.72 -0.69 0.062 0.15 0.16 6.82 
PGLAI 1998 2 9.17 -1.77 0.063* 0.70 0.070 9.10 
3 15.87 -3.10 0.086* 0.80 0.082 7.90 
Nashua 1 1.86 -0.25 0.042 0.24 0.21 14.81 
1999 2 62.37 -1.81 0.079* 0.91 0.072 7.01 
3 14.10 -0.71 0.041* 0.70 0.090 10.76 
Tabic 3 (continued) 
Location 
Year Harvest F-statistic Intercept Slope" SEEy cv 
Pcrccntage reflcctaiicc vs. Ames 1 0.76 0.32 0.047 0.16 0.12 4.52 
SGLAl 1998 2 1.26 -2.00 0.09 0.24 0.27 16.29 
3 1.90 -3.13 O.Il 0.32 0.31 13.81 
Nashua 1 12.08 -1.24 0.079* 0.67 0.15 8.25 
1999 2 13.30 -0.39 0.051* 0.69 0.10 6.97 
3 8.81 -0.63 0.061* 0.59 0.17 10.20 
Percentage reflectance vs. Ames 1 1.16 -0.37 0.11 0.23 0.22 4.46 
Green leaf area index 1998 2 2.73 -3.76 0.16 0.41 0.31 12.83 
3 5.46 -6.23 0.20* 0.58 0.32 9.85 
Nashua 1 6.21 -1.49 0.12* 0.51 0.33 10.04 
1999 2 89.44 -2.20 0.13* 0.94 0.10 4.00 
3 27.48 -1.34 0.10* 0.82 0.16 6.42 
Percentage reflectance vs. Ames 1 6.11 -0.69 0.023* 0.60 0.021 4.58 
Leaf-to-stem ratio 1998 2 0.27 0.09 0.0086 0.06 0.056 12.84 
3 0.27 0.35 0.0041 0.06 0.030 5.49 
Nashua I 0.21 0.36 0.0014 0.03 0.021 5.13 
1999 2 7.93 0.03 0.019* 0.57 0.050 6.88 
3 3.94 0.41 0.0093* 0.40 0.038 5.04 
" Single asterisk indicates slopes arc statistically different from zero based on F-statistics at P < 0.10 level. 
Tabic 4. F-statistics, intercepts, slopes, coefficients of detemiination (R*), standard errors of the estimate for y (SEEy), and 
coefficients of variation (CV) for relationships for area under the percentage defoliation, dry weight, percentage reflectance, green 
leaf area index for primary leaves (PGLAl), green leaf area index for secondary leaves (SGLAl), leaf-to-stcm ratio, and green leaf 
area index curves for harvest dates in 1998 in Ames and in 1999 in Nashua, IA 
Location 
Year Harvest F-statistic Intercept Slope' R- SEEy CV 
Percentage defoliation vs. Ames 1 3.61 208.64 7.66 0.47 13.71 3.65 
Dry weight 1998 2 1.11 581.43 -11.58 0.22 16.57 5.89 
3 1.83 481.43 -6.63 0.31 18.54 7.27 
Nashua 1 0.41 480.37 -4.91 0.06 12.38 3.68 
1999 2 1.60 286.72 -3.74 0.21 11.27 4.73 
3 4.32 202.52 -3.04* 0.42 11.92 7.66 
Percentage defoliation vs. Ames 1 10.60 0.47 0.076 0.73 0.080 3.74 
PGLAI 1998 2 4.34 3.02 -0.076* 0.52 0.055 5.28 
3 2.96 2.66 -0.048 0.43 0.10 10.09 
Nashua 1 0.04 2.35 -0.012 0.01 0.099 4.93 
1999 2 2.59 1.68 -0.033 0.30 0.078 6.26 
3 4.89 1.41 -0.024* 0.45 0.089 8.52 
Percentage defoliation vs. Ames 1 0.27 1.33 0.035 0.06 0.043 2.88 
SGLAl 1998 2 1.14 3.12 -0.072 0.22 0.10 7.97 
3 0.50 2.51 -0.034 0.11 0.18 13.09 
Nashua 1 0.14 1.76 -0.029 0.02 0.12 13.36 
1999 2 4.70 1.45 -0.042* 0.44 0.074 8.15 
3 4.31 1.17 -0.024* 0.42 0.093 11.81 
Percentage defoliation vs. Ames 1 4.24 1.90 0.08 0.51 0.12 3.51 
Green leaf area index 1998 2 2.39 6.09 -0.15 0.37 0.14 6.10 
Tabic 4 (continued) 
Location 
Year Harvest F-statistic Intercept Slope" R- SEKv cv 
3 1.29 5.05 -0.08 0.24 0.26 10.63 
Nashua 1 0.10 4.12 -0.041 0.02 0.20 6.93 
1999 2 5.19 3.13 -0.075* 0.46 0.13 5.54 
3 6.03 2.56 -0.048* 0.50 0.16 8.67 
Pcrccnlagc defoliation vs. Ames 1 2.12 0.68 -0.0057 0.35 0.013 2.38 
Leaf-to-stem ratio 1998 2 0.11 0.69 -0.0028 0.03 0.012 2.00 
3 0.37 0.83 -0.0038 0.09 0.023 3.36 
Nashua 1 0.27 0.71 -0.0046 0.04 0.014 2.49 
1999 2 0.39 0.95 0.0048 0.06 0.029 2.90 
3 5.21 1.11 -0.0090* 0.46 0.032 3.30 
Percentage rcflcctance vs. Ames 1 1.36 -1073.18 29.01 0.25 16.34 4.35 
Dry weight 1998 2 4.28 43.75 6.37 0.52 13.01 4.63 
3 11.43 -198.74 10.87* 0.74 11.40 4.47 
Nashua 1 14.44 10.64 8.33* 0.71 6.93 2.06 
1999 2 10.84 -24.32 7.69* 0.64 7.58 3.18 
3 13.88 -47.52 6.08* 0.70 8.59 5.52 
Percentage reflectance vs. Ames 1 5.10 -15.22 0.35* 0.56 0.10 4.74 
PGLAI 1998 2 4.81 0.0056 0.028* 0.55 0.054 5.14 
3 20.59 -1.93 0.071* 0.84 0.056 5.37 
Nashua 1 8.33 -0.28 0.058* 0.58 0.034 3.20 
1999 2 17.45 -0.84 0.061* 0.74 0.047 3.79 
3 25.40 -0.63 0.050* 0.81 0.052 5.02 
Table 4 (conlinucd) 
l.ocsition 
Year Harvest F-statistic intercept Slope" r' SEEy cv 
Percentage rcflcctancc vs. Ames I 6.08 -3.71 0.10* 0.60 0.028 1.88 
SGLAI 1998 2 19.60 -0.57 0.049* 0.83 0.047 3.72 
3 4.62 -1.91 0.078* 0.54 0.13 9.46 
Nashua 1 16.68 -2.33 0.083* 0.74 0.065 6.95 
1999 2 13.32 -1.20 0.062* 0.69 0.055 6.07 
3 7.72 -0.63 0.042* 0.56 0.080 10.24 
Percentage reflectance vs. Ames 1 18.94 -21.06 0.49* 0.83 0.074 2.10 
Green leaf area index 1998 2 11.06 -0.38 0.073* 0.73 0.092 3.97 
3 13.37 -3.68 0.15* 0.77 0.14 5.86 
Nashua 1 23.82 -2.61 0.14* 0.80 0.092 3.13 
1999 2 53.56 -2.05 0.12* 0.90 0.055 2.53 
3 21.61 -1.26 0.092* 0.78 0.10 5.72 
Percentage reflectance vs. Ames 1 0.06 0.25 0.0061 0.01 0.016 2.92 
Leaf-to-stem ratio 1998 2 0.11 0.59 0.0010 0.03 0.012 1.99 
3 0.13 0.60 0.0024 0.03 0.024 3.46 
Nashua 1 0.93 0.73 -0.041 0.13 0.013 2.36 
1999 2 0.00 1.02 0.00 0.00 0.030 3.00 
3 0.41 0.80 0.0052 0.06 0.042 4.36 
" Single asterisk indicates slopes are statistically different from zero based on F-statistics at P < 0.10 level. 
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Figure 1. Percentage defoliation (A, B), dry weight (C, D), percentage reflectance (810 nm) (E, F), 
and green leaf area index (G, H) progress curves for two fungicide treatments (-^nonfungicide 
treated control and—*— chlorothalonil weekly) in 1998 in Ames (A, C, E, G), and in 1999 in Nashua, 
lA (B, D, F, H). 
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Figure 2. Green leaf area index for primary leaves (PGLAI) (A and B), green leaf area index for 
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Figure 15. Relationships between area under the percentage reflectance (810 nm) curve and 
area under the green leaf area index for primary leaves (AUC PGLAI) curve. (A), (C), and (E) 
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Figure 16. Relationships between area under the percentage reflectance (810 nm) curve and 
area under the green leaf area index for secondary leaves (AUC SGLAI) curve. (A), (C), and 
(E) are the first, second, and third harvest cycle, respectively, for 1998 in Ames, lA; (B), (D), 
and (F) are the first, second, and third harvest cycle, respectively, for 1999 in Nashua, lA. 
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Figure 17. Relationships between area under the percentage reflectance (810 nm) curve and 
area under the green leaf area index curve (AUC GLAI). (A), (C), and (E) are the first, second, 
and third harvest cycle, respectively, for 1998 in Ames, lA; (B), (D), and (F) are the first, second, 
and third harvest cycle, respectively, for 1999 in Nashua, lA. 
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CHAPTER 6. GENERAL CONCLUSION 
This research conclusively demonstrated that remote sensing was superior to visual 
disease assessment methods to quantify the impacts of alfalfa foliar diseases on alfalfa health 
and productivity (yield). Remote sensing assessments were also superior to visual disease 
assessments when these assessments were used to develop yield loss and green leaf area 
index (GLAI) models for the alfalfa foliar disease pathosystem. 
Results from this dissertation also clearly demonstrated that the percentage 
defoliation assessment method had the highest precision (intra-rater repeatabilities and inter-
rater reliabilities) among the three visual disease assessment methods (disease severity, 
disease incidence, and defoliation) evaluated. Furthermore, the remote sensing assessment 
method had significantly higher precision than the best visual disease assessment method 
(defoliation). 
Remote sensing also has other advantages over the traditional visual disease 
assessment method in that remote sensing is much faster and less labor-intensive than all 
visual disease assessment methods that have been developed to assess plant stress. 
Moreover, plant stress can be quantified nondestructively and repetitively over time using 
remote sensing assessment method. 
The results of this dissertation clearly show that remote sensing measurements can be 
significantly affected by environmental (nondisease) factors, such as incident radiation, sun 
angle, the presence of water on leaves (leaf wetness), and sensor height. Thus, those factors 
should be considered when remote sensing measurements are undertaken. 
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APPENDIX A. TECHNICAL DESCRIPTION OF THE MSR87 MULTISPECTRAL 
RADIOMETER (CROPSCAN, INC., ROCHESTER, MN) 
1. Two sets of eight narrow band interference filters centered at 460, 510, 560, 610, 660, 
710, 760, and 810 nm. One set of sensors measure the incident radiation, another set 
of sensors measure the reflected radiation. The sensors are made from silicon 
photodiodes as light transducers. 
2. Flashed opal glass cosine diffliser covers the sensors measuring incident radiation. 
3. The field of view angel for the set of sensors measuring the reflected radiation is 28". 
4. The sensors interface with the CROPSCAN multichannel Data Logger Controller 
(DLC) which can communicate with computers via RS232 I/O port. 
5. The data acquisition program included with the system facilitates digitizing the 
voltages generated by each sensor. Plot number, time, level of incident radiation and 
temperature within the radiometer can also be recorded with each scan. 
6. The diameter of the area that the sensors measure is one-half of the height of the 
radiometer above the ground. 
7. Each scan, triggered by pressing the space key on a terminal, takes about 2 to 4 
seconds. An audible beep indicates the beginning of a scan, two beeps indicate the 
end of scan and 3 beeps indicate the data has been recorded. 
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APPENDIX B. VISUAL DISEASE ASSESSMENTS FOR TEN FUNGICIDE TREATMENTS 
FROM 1995 TO 1998 IN AMES Ai\D NASHUA, lA 
Day of Application Percentage Disease Disease 
Location Year vear Fungicide frequency defoliation incidence severity 
Ames 1995 171 Mancozcb Twice 1.31 abc 73.07 a 7.30 a 
171 Propiconazole Twice 1.02 be 64.25 a 5.57 a 
171 Cupric Hydroxide Twice 1.94 abc 72.90 a 7.03 a 
171 Chlcrothaionil Tsvicc 0.00 c 63.49 a 6.72 a 
171 Mancozcb Once 3.33 ab 65.02 a 6.13 a 
171 Propiconazole Once 3.77 a 63.08 a 7.IS a 
171 Cupric Hydroxide Once 1.65 abc 67.66 a 7.02 a 
171 Chlorothalonil Oncc 1.06 be 63.15 a 4.84 a 
171 CGA-245704 Twice 3.92 a 68.72 a 5.64 a 
171 Non-trcatcd control None 3.37 ab 61.58 a 4.76 a 
178 Mancozeb Twice 1.92 ab 72.34 a 6.17 a 
178 Propiconazole Twice 4.59 a 67.05 a 6.14 a 
178 Cupric Hydroxide Twice 3.S5 ab 63.00 a 4.81 a 
178 Chlorothalonil Twice 2.79 ab 73.42 a 5.18 a 
178 Mancozeb Once 3.34 ab 73.28 a 6.29 a 
178 Propiconazole Oncc 2.62 ab 70.47 a 5.79 a 
178 Cupric Hydroxide Once 3.43 ab 69.99 a 4.78 a 
178 Chlorothalonil Oncc 1.40 b 72.88 a 6.49 a 
178 CGA-245704 Twice 1.85 b 69.46 a 4.96 a 
178 Non-treated control None 3.77 ab 75.04 a 4.81 a 
185 Mancozeb Twice 3.75 b 86.97 a 6.64 ab 
185 Propiconazole Twicc 5.48 ab 88.12 a 6.59 ab 
185 Cupric Hydroxide Twice 5.89 ab 86.69 a 7.98 a 
185 Chlorothalonil Twice 3.32 b 86.71 a 7.07 ab 
185 Mancozeb Oncc 2.04 b 87.28 a 5.07 b 
185 Propiconazole Once 7.88 a 88.28 a 8.50 a 
185 Cupric Hydroxide Once 2.79 b 90.64 a 6.88 ab 
185 Chlorothalonil Once 4.43 ab 86.42 a 6.95 ab 
185 CGA-245704 T wice 3.46 b 91.87 a 8.02 a 
185 Non-trcatcd control None 4.69 ab 92.32 a 8.37 a 
192 Mancozeb Twicc 7.05 ab 95.67 ab 9.27 a 
192 Propiconazole T wice 5.42 ab 92.26 b 9.11 a 
192 Cupric Hydroxide T wice 8.14 a 96.77 ab 13.17 a 
192 Chlorothalonil Twicc 3.27 b 95.77 ab 9.64 a 
192 Mancozeb Oncc 4.23 b 94.51 ab 12.17 a 
192 Propiconazole Once 8.05 a 92.45 b 13.04 a 
192 Cupric Hydroxide Once 5.99 ab 98.58 a 11.92 a 
192 Chlorothalonil Once 5.74 ab 95.75 ab 10.31 a 
192 CGA-245704 T wice 6.46 ab 96.29 ab 11.01 a 
192 Non-treated control None 6.57 ab 97.70 a 11.76 a 
199 Mancozcb Twice 10.90 a 98.59 b 20.39 a 
199 Propiconazole Twice 13.67 a 99.46 ab 20.52 a 
199 Cupric Hydroxide Twice 16.58 a 98.89 ab 21.52 a 
199 Chlorothalonil Twice 15.21 a 99.44 ab 20.54 a 
199 Mancozcb Once 14.65 a 100.00 a 24.12 a 
199 Propiconazole Oncc 13.68 a 99.81 ab 22.62 a 
199 Cupric Hydroxide Oncc 18.58 a 100.00 a 27.40 a 
199 Chlorothalonil Oncc 14.71 a 100.00 a 21.89 a 
199 CGA-245704 Twice 15.45 a 100.00 a 24.98 a 
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Incidence 
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severity 
199 Non-trcatcd control None 15.43 a 99.56 ab 23.06 a 
209 Mancozeb Twice 18.16 e 97.48 ab 23.93 ab 
209 Propiconazolc Twicc 18.70 cdc 94.56 b 18.55 b 
209 Cupric Hydroxide Twice 27.14 abed 98.19 a 23.63 ab 
209 Chlorothalonil Twicc 23.91 abcdc 97.23 ab 25.86 a 
209 Mancozcb Once 21.38 bcdc 96.40 ab 22.70 ab 
209 Propiconazolc Once 21.51 bcdc 97.93 a 22.63 ab 
209 Cupric Hydroxide Once 30.88 a 99.03 a 25.18 ab 
209 Chlorothalonil Once 18.32 de 95.92 ab 21.21 ab 
209 CGA-245704 Twice 27.41 abc 96.56 ab 23.32 ab 
209 Non-trcatcd control None 29.90 ab 98.50 a 23.72 ab 
229 Mancozcb Twicc 21.81 ab 91.76 ab 7.37 a 
229 Propiconazolc Twice 21.16 ab 88.43 b 8.82 a 
229 Cupric Hydroxide Twice 12.97 b 91.58 ab 8.94 a 
229 Chlorothalonil Twice 17.12 ab 92.97 ab 9.08 a 
229 Mancozcb Once 25.63 a 92.91 ab 10.27 a 
229 Propiconazolc Once 16.64 ab 88.74 b 8.97 a 
229 Cupric Hydroxide Once 22.87 ab 93.01 ab 10.49 a 
229 Chlorothalonil Once 14.10 ab 92.96 ab 8.03 a 
229 CGA-245704 Twice 22.61 ab 94.51 ab 11.06 a 
229 Non-treated control None 20.05 ab 96.17 a 10.51 a 
236 Mancozeb Twice 16.32 b 87.10 abc 8.09 ab 
236 Propiconazolc Twicc 18.25 ab 81.58 bed 7.57 abc 
236 Cupric Hydroxide Twice 13.64 b 88.82 a 9.08 ab 
236 Chlorothalonil Twice 15.88 b 83.47 abc 9.02 ab 
236 Mancozcb Once 19.10 ab 74.71 d 4.91 c 
236 Propiconazolc Once 15.43 b 80.45 cd 7.60 abc 
236 Cupric Hydroxide Once 17.16 ab 88.42 ab 8.04 ab 
236 Chlorothalonil Once 16.67 b 81.82 abc 6.74 be 
236 CGA-245704 Twicc 16.52 b 88.09 ab 10.07 a 
236 Non-trcatcd control None 24.07 a 86.47 abc 9.58 ab 
243 Mancozeb Twice 31.89 abc 82.64 a 7.46 ab 
243 Propiconazolc T wice 35.35 ab 78.20 a 4.93 b 
243 Cupric Hydroxide Twice 29.07 be 85.93 a 8.75 ab 
243 Chlorothalonil Twice 31.23 abc 81.18 a 7.32 ab 
243 Mancozcb Once 26.66 c 84.32 a 7.63 ab 
243 Propiconazolc Once 30.57 abc 84.00 a 7.25 ab 
243 Cupric Hydroxide Once 31.96 abc 85.95 a 10.10 a 
243 Chlorothalonil Oncc 30.07 abc 84.83 a 7.84 ab 
243 CGA-245704 Twicc 32.50 abc 84.46 a 7.87 ab 
243 Non-treated control None 36.37 a 85.95 a 7.47 ab 
251 Mancozeb Twice 37.16 cd 93.28 ab 12.32 a 
251 Propiconazolc Twicc 44.34 bed 93.81 ab 8.40 a 
251 Cupric Hydroxide Twicc 43.35 bed 92.68 ab 7.98 a 
251 Chlorothalonil Twice 38.86 bed 89.66 b 11.08 a 
251 Mancozeb Oncc 34.83 d 95.02 a 10.43 a 
251 Propiconazolc Once 47.31 abc 94.91 a 12.23 a 
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251 Cupric Hydroxide Once 47.36 abc 96.45 a 12.15 a 
251 Chlorothalonil Once 39.82 bed 96.78 a 10.80 a 
251 CGA-245704 Twice 54.62 a 92.84 ab 11.00 a 
251 Non-treated control None 47.73 ah 96.29 a 11.25 a 
1996 121 Mancozcb Twice 3.80 a 26.55 ab 2.38 a 
121 Propiconazole Twice 3.52 a 30.04 ab 2.78 a 
121 Cupric Hydroxide T wice 3.75 a 27.37 ab 2.70 a 
121 Chlorothalonil T wicc 2.88 a 22.38 b 2.54 a 
121 Mancozcb Once 3.60 a 29.33 ab 2.25 a 
121 Propiconazole Once 2.59 a 25.80 ab 2.16 a 
121 Cupric Hydroxide Once 5.17 a 28.70 ab 1.73 a 
121 Chlorothalonil Once 2.28 a 23.61 b 1.92 a 
121 CGA-245704 T wice 4.40 a 33.68 a 2.42 a 
121 Non-treated control None 3.76 a 28.22 ab 2.15 a 
127 Mancozcb Twice 9.41 ab 82.59 b 12.05 be 
127 Propiconazole Twice 7.72 ab 95.47 a 15.15 ab 
127 Cupric Hydroxide Twice 5.80 b 96.43 a 14.30 ab 
127 Chlorothalonil Twice 5.00 b 74.72 cd 7.50 d 
127 Mancozcb Once 7.62 ab 81.75 be 12.04 be 
127 Propiconazole Once 10.54 a 97.54 a 14.42 ab 
127 Cupric Hydroxide Once 8.86 ab 95.43 a 11.39 bed 
127 Chlorothalonil Once 7.50 ab 73.30 d 8.48 cd 
127 CGA-245704 T wicc 10.68 a 97.10 a 17.03 a 
127 Non-treated control None 11.39 a 98.45 a 16.33 a 
134 Mancozcb T wice 14.63 ab 100.00 a 11.84 bcde 
134 Propiconazole Twice 11.64 abc 100.00 a 11.10 cde 
134 Cupric Hydroxide Twice 10.94 abc 99.31 abc 13.86 abc 
134 Chlorothalonil Twice 8.13 c 97.28 c 6.80 c 
134 Mancozcb Once 9.99 be 99.33 abc 11.03 cde 
134 Propiconazole Once 12.79 abc 100.00 a 13.28 abed 
134 Cupric Hydroxide Once 10.69 abc 99.69 ab 11.68 bcde 
134 Chlorothalonil Once 14.49 ab 97.55 be 8.13 de 
134 CGA-245704 Twice 15.70 ab 100.00 a 16.82 ab 
134 Non-treated control None 16.54 a 100.00 a 18.54 a 
141 Mancozcb Twice 36.66 a 94.70 ab 6.18 cd 
141 Propiconazole Twice 33.36 abc 94.55 ab 9.01 a 
141 Cupric Hydroxide Twice 30.33 cde 95.30 ab 6.33 bed 
141 Chlorothalonil Twice 26.52 e 92.63 b 5.63 cd 
141 Mancozcb Once 34.55 ab 94.20 ab 6.36 bed 
141 Propiconazole Once 33.73 abc 95.50 ab 8.79 ab 
141 Cupric Hydroxide Once 31.67 bed 93.46 ab 6.25 cd 
141 Chlorothalonil Once 28.59 dc 93.66 ab 5.15 d 
141 CGA-245704 T wicc 35.59 ab 96.24 a 8.90 a 
141 Non-treated control None 35.54 ab 94.80 ab 7.99 abc 
149 Mancozcb Twice 40.67 bed 88.15 ab 8.06 abc 
149 Propiconazole Twice 41.61 bed 87.73 b 8.84 a 
149 Cupric Hydroxide Twice 40.19 cd 88.88 ab 8.34 ab 
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149 Chlorothalonil Twice 30.27 e 88.03 b 5.49 d 
149 Mancozeb Once 40.65 bed 89.01 ab 6.01 bed 
149 Propiconazole Once 45.37 ab 89.08 ab 9.91 a 
149 Cupric Hydroxide Once 37.91 d 87.49 b 8.27 abc 
149 Chlorothalonil Once 31.89 e 88.40 ab 5.77 cd 
149 CGA-245704 Twice 47.24 a 91.19 a 8.51 ab 
149 Non-treated control None 44.29 abc 88.91 ab 9.78 a 
155 Mancozeb Twice 48.34 cd 98.50 a 6.84 ab 
155 Propiconazolc Twicc 57.57 a 95.67 b 7.98 ab 
155 Cupric Hydroxide T wice 47.62 cd 97.49 ab 9.31 ab 
155 Chlorothalonil Twice 40.72 c 96.99 ab 6.95 ab 
155 Mancozeb Once 51.67 abc 97.07 ab 7.67 ab 
155 Propiconazole Once 56.27 a 95.67 b 6.94 ab 
155 Cupric Hydroxide Once 49.67 be 98.67 a 10.19 a 
155 Chlorothalonil Once 42.82 de 97.90 ab 8.44 ab 
155 CGA-245704 Twice 55.31 ab 97.37 ab 8.07 ab 
155 N'on-trcatcd control None 55.16 ab 97.59 ab 5.77 b 
162 Mancozcb Twice 50.23 ab 98.22 a 7.06 a 
162 Propiconazole Twice 52.97 a 96.98 a 5.97 a 
162 Cupric Hydroxide Twice 49.84 ab 97.54 a 6.59 a 
162 Chlorothalonil Twicc 39.21 c 97.91 a 5.89 a 
162 Mancozeb Once 53.22 a 98.49 a 7.65 a 
162 Propiconazole Once 54.06 a 96.70 a 5.58 a 
162 Cupric Hydroxide Once 53.65 a 97.52 a 6.06 a 
162 Chlorothalonil Once 47.53 b 98.02 a 6.86 a 
162 CGA-245704 Twice 51.48 ab 97.97 a 5.71 a 
162 Non-treated control None 53.48 a 96.63 a 5.60 a 
177 Mancozeb Twice 18.33 a 94.05 a 7.10 abc 
177 Propiconazole Twicc 15.33 a 90.57 a 7.09 abc 
177 Cupric Hydroxide Twice 27.06 a 92.98 a 8.38 abc 
177 Chlorothalonil Twice 21.46 a 96.69 a 7.66 abc 
177 Mancozeb Once 18.33 a 94.29 a 8.95 ab 
177 Propiconazole Once 17.55 a 94.06 a 5.08 c 
177 Cupric Hydroxide Once 19.50 a 96.84 a 8.35 abc 
177 Chlorothalonil Oncc 27.25 a 94.32 a 10.48 a 
177 CGA-245704 Twicc 22.60 a 92.42 a 5.92 be 
177 Non-treated control None 17.42 a 94.78 a 5.65 be 
183 Mancozcb Twicc 14.89 a 74.91 ab 9.18 a 
183 Propiconazole Twicc 14.33 a 73.50 ab 5.72 a 
183 Cupric Hydroxide Twicc 14.85 a 70.77 ab 7.37 a 
183 Chlorothalonil Twice 12.66 a 74.10 ab 8.49 a 
183 Mancozcb Oncc 13.45 a 68.03 ab 5.55 a 
183 Propiconazolc Oncc 11.04 a 70.03 ab 7.33 a 
183 Cupric Hydroxide Once 14.59 a 75.58 a 6.79 a 
183 Chlorothalonil Oncc 13.80 a 67.00 b 6.57 a 
183 CGA-245704 Twice 13.24 a 70.90 ab 6.52 a 
183 Non-treated control None 12.74 a 73.85 ab 7.22 a 
220 
Day of Application Percentage Disease Disease 
Location Year vear Funeicide frequency defoliation incidence severity' 
190 Mancozeb Twice 22.48 ab 65.11 bed 5.67 ab 
190 Propiconazolc Twice 18.58 ab 63.59 cd 6.09 ab 
190 Cupric Hydroxide Twice 18.18 ab 72.98 ab 5.98 ab 
190 Chlorothalonil Twice 17.45 ab 59.27 cd 5.42 ab 
190 Mancozcb Once 18.84 ab 60.50 cd 6.65 ab 
190 Propiconazolc Once 19.81 ab 67.11 be 7.08 ab 
190 Cupric Hydroxide Once 23.62 a 79.47 a 7.51 a 
190 Chlorothalonil Once 19.07 ab 58.54 d 5.67 ab 
190 CGA-245704 Twice 14.22 b 76.32 a 4.83 b 
190 Non-trcatcd control None 22.96 a 75.47 a 5.50 ab 
197 Mancozcb Twice 23.52 a 56.20 cdc 4.17 ab 
197 Propiconazolc Twice 19.34 a 59.64 bed 3.81 ab 
197 Cupric Hydroxide Twice 22.19 a 59.53 bed 4.66 ab 
197 Chlorothalonil Twice 21.75 a 49.91 cf 3.47 b 
197 Mancozeb Once 21.48 a 52.96 dcf 3.56 ab 
197 Propiconazolc Once 19.56 a 63.94 abc 5.63 a 
197 Cupric Hydroxide Once 20.28 a 66.63 ab 3.40 b 
197 Chlorothalonil Once 19.27 a 44.49 f 3.68 ab 
197 CGA-245704 Twicc 20.61 a 69.26 a 5.18 ab 
197 Non-treated control None 24.04 a 68.08 ab 3.86 ab 
201 Mancozcb Twice 29.46 a 61.32 d 4.61 ab 
201 Propiconazolc Twice 30.32 a 72.29 be 5.79 a 
201 Cupric Hydroxide Twice 27.18 a 84.02 a 4.54 ab 
201 Chlorothalonil Twice 28.89 a 47.71 c 2.69 b 
201 Mancozcb Once 29.46 a 79.10 ab 4.23 ab 
201 Propiconazolc Once 27.63 a 82.68 a 5.15 ab 
201 Cupric Hydroxide Once 29.14 a 82.28 a 5.18 ab 
20! Chlorothalonil Once 28.40 a 69.40 cd 4.81 ab 
201 CGA-245704 Twicc 30.46 a 86.12 a 5.71 a 
201 Non-treated control None 31.30 a 82.20 a 4.53 ab 
211 Mancozcb Twice 14.97 ab 70.83 a 3.87 e 
211 Propiconazolc Twice 16.37 ab 67.70 a 6.17 abc 
211 Cupric Hydroxide Twice 19.02 ab 63.44 a 4.28 be 
211 Chlorothalonil Twicc 15.33 ab 65.94 a 5.92 abc 
211 Mancozeb Once 14.82 ab 71.92 a 4.96 abc 
211 Propiconazolc Once 12.19 b 67.90 a 7.40 ab 
211 Cupric Hydroxide Once 16.11 ab 67.21 a 7.55 ab 
211 Chlorothalonil Once 18.20 ab 65.66 a 5.63 abc 
211 CGA-245704 Twicc 17.04 ab 67.85 a 5.53 abc 
211 Non-treated control None 23.08 a 68.79 a 7.64 a 
21S Mancozeb Twicc 18.24 a 64.99 ab 6.27 a 
218 Propiconazolc Twicc 8.48 d 62.42 ab 4.77 ab 
218 Cupric Hydroxide Twice 9.92 cd 67.42 ab 2.73 b 
218 Chlorothalonil Twice 10.06 cd 55.13 b 3.88 ab 
218 Mancozeb Once 9.16 d 69.49 ab 6.12 a 
218 Propiconazolc Once 15.49 ab 70.13 a 5.50 a 
218 Cupric Hydroxide Once 10.20 cd 65.96 ab 4.58 ab 
218 Chlorothalonil Once 12.16 bed 62.98 ab 4.91 ab 
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218 CGA-245704 Twice 10.58 cd 56.54 ab 5.55 a 
218 Non-treated control None 13.49 be 64.94 ab 3.84 ab 
225 Vlancozeb Twicc 22.77 a 50.63 a 3.49 a 
225 Propiconazolc Twice 20.42 a 55.87 a 3.91 a 
225 Cupric Hydroxide Twicc 25.60 a 57.79 a 3.88 a 
225 Chlorothalonil Twicc 24.16 a 53.60 a 3.12 a 
225 Mancozeb Once 21.62 a 59.40 a 4.74 a 
225 Propiconazole Once 24.95 a 52.88 a 3.74 a 
225 Cupric Hydroxide Once 23.13 a 54.63 a 3.46 a 
225 Chlorothalonil Once 21.84 a 52.69 a 3.93 a 
225 CGA-245704 Twicc 25.43 a 57.37 a 3.90 a 
225 Non-treated control None 22.34 a 55.40 a 3.72 a 
233 iMancozeb T wice 25.05 b 51.27 dc 5.36 ab 
233 Propiconazolc Twice 30.05 a 54.02 ede 3.56 b 
233 Cupric Hydroxide Twice 31.58 a 58.99 abc 4.33 ab 
233 Chlorothalonil Twice 27.99 ab 47.94 e 3.90 ab 
233 Mancozeb Once 28.14 ab 63.48 a 5.98 a 
233 Propiconazolc Once 28.22 ab 56.15 bed 4.34 ab 
233 Cupric Hydroxide Oncc 29.55 a 62.97 ab 4.16 ab 
233 Chlorothalonil Once 31.84 a 61.72 ab 4.98 ab 
233 CGA-245704 Twice 30.52 a 63.79 a 3.53 b 
233 Non-treated control None 28.34 ab 59.64 abc 3.10 b 
240 Mancozcb Twice 31.97 ab 53.91 c 4.72 a 
240 Propiconazolc Twice 33.84 ab 56.96 abc 6.37 a 
240 Cupric Hydroxide T wice 29.90 b 63.47 abc 5.66 a 
240 Chlorothalonil Twice 33.72 ab 54.42 c 3.57 a 
240 Mancozcb Once 32-18 ab 66.29 a 6.16 a 
240 Propiconazolc Oncc 33.06 ab 63.36 abc 6.48 a 
240 Cupric Hydroxide Oncc 32.57 ab 65.56 ab 4.54 a 
240 Chlorothalonil Once 29.12 b 62.90 abc 5.35 a 
240 CGA-245704 Twice 33.86 ab 55.33 be 5.47 a 
240 Non-treated control None 38.24 a 67.11 a 4.69 a 
247 Mancozcb T wice 37.61 be 70.53 a 6.54 a 
247 Propiconazolc Twice 39.78 abc 70.87 a 5.50 a 
247 Cupric Hydroxide Twice 37.11 be 75.03 a 7.53 a 
247 Chlorothalonil Twicc 35.92 c 74.66 a 5.63 a 
247 Mancozcb Oncc 37.25 be 75.29 a 7.55 a 
247 Propiconazolc Oncc 42.08 ab 74.85 a 6.50 a 
247 Cupric Hydroxide Oncc 39.33 abc 77.97 a 7.44 a 
247 Chlorothalonil Oncc 39.88 abc 78.1 1 a 7.79 a 
247 CGA-245704 Twice 44.07 a 76.13 a 8.36 a 
247 Non-treated control None 44.13 a 76.60 a 6.10 a 
1997 125 Mancozcb Twice 24.31 c 88.40 ab 6.09 a 
125 Propiconazolc Twicc 36.05 a 91.63 a 5.84 a 
125 Cupric Hydroxide Twicc 26.37 c 89.65 ab 6.43 a 
125 Chlorothalonil Twice 29.27 be 84.77 b 6.52 a 
125 Mancozcb Once 28.61 be 91.43 a 6.00 a 
Location 
Day of Application Percentage Disease Disease 
vcar Fungicide frequency defoliation incidence severity 
125 Propiconazole Once 27.20 be 85.59 ab 5.74 a 
125 Cupric Hydro.xide Once 30.36 abc 91.21 ab 6.01 a 
125 Chloroihalonil Once 24.57 c 87.17 ab 6.31 a 
125 CGA-245704 Twice 29.63 abc 89.43 ab 5.16 a 
125 Non-treated control None 33.85 ab 90.47 ab 5.75 a 
132 Mancozeb Twice 27.19 a 100.00 a 8.30 abc 
132 Propiconazole Twice 29.00 a 99.64 a 7.32 abc 
132 Cupric Hydro.xide Twice 31.97 a 100.00 a 7.79 abc 
132 Chlorothalonil Twice 26.82 a 99.72 a 6.58 c 
132 •Mancozeb Once 27.05 a 100.00 a 6.87 be 
132 Propiconazole Once 28.12 a 100.00 a 6.83 be 
132 Cupric Hydro.xide Once 28.46 a 100.00 a 8.73 abc 
132 Chlorothalonil Once 26.38 a 98.75 a 7.49 abc 
132 CGA-245704 Twice 27.45 a 99.38 a 9.17 ab 
132 Non-treated control None 29.72 a 99.72 a 9.51 a 
139 Mancozeb Twice 29.81 a 88.12 ab 7.30 ab 
139 Propiconazolc Twice 30.55 a 86.00 abc 6.80 ab 
139 Cupric Hydro.xide Twice 28.92 ab 88-81 a 6.31 ab 
139 Chlorothalonil Twice 25.21 b 84.93 be 7.66 ab 
139 Mancozeb Once 25.24 b 86.55 abc 7.04 ab 
139 Propiconazole Once 27.23 ab 84.57 be 4.93 b 
139 Cupric Hydroxide Once 26.92 ab 86.34 abc 6.46 ab 
139 Chlorothalonil Once 29.71 ab 83.80 c 5.10 b 
139 CGA-245704 Twice 27.44 ab 86.37 abc 8.76 a 
139 Non-treated control None 29.91 a 88.11 ab 7.28 ab 
147 Mancozeb Twice 29.06 ab 81.79 a 10.60 a 
147 Propiconazole Twice 28.15 ab 76.47 a 8.52 a 
147 Cupric Hydro.xide Twice 30.38 ab 80.69 a 7.38 a 
147 Chlorothalonil Twice 25.17 b 76.67 a 7.14 a 
147 Mancozcb Once 27.13 ab 77.78 a 9.11 a 
147 Propiconazole Once 26.51 ab 76.35 a 7.99 a 
147 Cupric Hydroxide Once 29.67 ab 83.08 a 7.18 a 
147 Chlorothalonil Once 25.59 b 77.13 a 7.55 a 
147 CGA-245704 Twice 28.17 ab 79.39 a 10.80 a 
147 Non-treated control None 31.63 a 76.89 a 8.22 a 
153 Mancozeb Twice 32.80 ab 80.46 a 6.94 a 
153 Propiconazole Twice 32.42 ab 77.65 a 6.56 a 
153 Cupric Hydroxide Twice 30.86 ab 76.56 a 5.60 a 
153 Chlorothalonil Twice 31.77 ab 76.57 a 5.63 a 
153 Mancozeb Once 33.51 ab 78.02 a 5.70 a 
153 Propiconazole Once 31.98 ab 75.61 a 6.75 a 
153 Cupric Hydroxide Once 33.00 ab 78.38 a 5.80 a 
153 Chlorothalonil Once 29.33 b 77.24 a 7.35 a 
153 CGA-245704 Twicc 34.95 a 77.03 a 6.43 a 
153 Non-treated control None 35.42 a 76.67 a 5.64 a 
160 Mancozcb Twice 34.50 bed 75.65 ab 6.21 a 
160 Propiconazole Twice 36.28 abc 78.40 ab 5.42 ab 
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160 Cupric Hydroxide T wice 34.35 bed 75.56 b 6.11 a 
160 Chlorothalonil Twice 32.49 cd 78.89 ab 5.72 a 
160 Mancozcb Once 35.29 abc 77.08 ab 4.65 ab 
160 Propiconazolc Once 37.12 ab 79.53 ab 5.89 a 
160 Cupric Hydroxide Once 35.35 abc 74.54 b 5.66 a 
160 Chlorothalonil Once 30.69 d 77.16 ab 6.38 a 
160 CGA-245704 Twice 38.83 a 76.86 ab 3.81 b 
160 Non-treated control None 36.77 abc 81.55 a 6.32 a 
174 Mancozeb Twice 14.28 a 99.23 ab 9.82 ab 
174 Propiconazole Twice 10.59 abc 98.01 b 9.61 ab 
174 Cupric Hydroxide T wice 12.13 abc 99.50 ab 8.25 b 
174 Chlorothalonil Twice 11.11 abc 100.00 a 11.67 a 
174 Mancozeb Once 11.61 abc 100.00 a 11.04 ab 
174 Propiconazole Once 7.05 c 99.02 ab 9.44 ab 
174 Cupric Hydroxide Once 9.49 abc 100.00 a 9.88 ab 
174 Chlorothalonil Once 12.95 ab 99.33 ab 10.99 ab 
174 CGA-245704 Twice 10.99 abc 100.00 a 10.20 ab 
174 Non-treated control None 8.67 be 99.69 ab 9.65 ab 
ISl Mancozeb Twice 5.56 a 90.36 c 13.32 a 
181 Propiconazole Twice 6.06 a 93.14 abc 14.31 a 
181 Cupric Hydroxide T wicc 9.54 a 95.45 abc 12.86 a 
181 Chlorothalonil Twice 8.30 a 91.11 be 12.04 a 
181 Mancozeb Once 9.17 a 91.20 be 13.48 a 
181 Propiconazole Once 7.03 a 94.11 abc 12.75 a 
181 Cupric Hydroxide Once 7.04 a 94.12 abc 11.83 a 
181 Chlorothalonil Once 9.65 a 91.74 be 12.79 a 
ISl CGA-245704 T wice 7.61 a 93.27 abc 13.54 a 
181 Non-trcatcd control None 7.14 a 92.97 abc 13.36 a 
188 Mancozeb Twice 12.81 ab 88.84 a 10.93 a 
188 Propiconazole Twicc 11.35 b 86.20 abed 12.19 a 
188 Cupric Hydroxide Twice 12.34 ab 86.13 abed 10.10 a 
188 Chlorothalonil T wice 9.93 b 82.91 d 10.46 a 
188 Mancozeb Once 11.74 ab 84.93 abed 9.55 a 
188 Propiconazolc Once 11.71 b 86.36 abed 11.84 a 
188 Cupric Hydroxide Once 12.37 ab 87.94 ab 10.74 a 
188 Chlorothalonil Once 9.38 b 84.65 bed 10.68 a 
188 CGA-245704 Twice 12.61 ab 83.57 cd 11.36 a 
188 Non-treated control None 16.03 a 87.42 abc 12.20 a 
195 Mancozeb Twicc 25.40 b 75.20 b 9.31 a 
195 Propiconazolc Twice 30.77 a 77.68 ab 7.94 a 
195 Cupric Hydroxide Twice 24.39 b 76.63 b 10.09 a 
195 Chlorothalonil Twice 24.54 b 75.01 b 8.S5 a 
195 Mancozcb Once 27.31 ab 82.24 a 9.60 a 
195 Propiconazole Once 28.28 ab 80.32 ab 9.58 a 
195 Cupric Hydroxide Once 26.15 b 80.50 ab 8.31 a 
195 Chlorothalonil Once 26.10 b 77.67 ab 9.07 a 
195 CGA-245704 Twicc 31.04 a 78.25 ab 10.01 a 
195 Non-treated control None 31.28 a 79.16 ab 9.43 a 
224 
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203 Mancozeb Twice 33.50 cd 90.63 a 11.92 a 
203 Propiconazole Twice 38.08 abc 91.89 a 8.74 a 
203 Cupric Hydroxide Twice 34.86 cd 92.95 a 9.84 a 
203 Chlorothalonil Twice 32.98 d 94.69 a 8.88 a 
203 Mancozeb Once 40.00 ab 93.80 a 9.96 a 
203 Propiconazole Once 41.99 a 92.60 a 8.14 a 
203 Cupric Hydroxide Once 35.23 bed 92.40 a 10.08 a 
203 Chlorothalonil Once 34.48 cd 94.36 a 10.55 a 
203 CGA-245704 Twice 42.77 a 94.14 a 9.01 a 
203 Non-treated control None 41.57 a 94.22 a 7.99 a 
216 Mancozeb Twice 10.97 a 88.79 ab 8.37 ab 
216 Propiconazolc T wice 9.73 a 85.81 b 8.02 be 
216 Cupric Hydroxide Twice 10.29 a 88.07 ab 7.29 be 
216 Chlorothalonil Twice 8.96 a 92.56 a 8.46 ab 
216 Mancozeb Once 9.05 a 91.08 ab 8.26 abc 
216 Propiconazolc Once 8.56 a 89.45 ab 9.90 a 
216 Cupric Hydroxide Once 9.03 a 88.79 ab 7.58 be 
216 Chlorothalonil Once 8.62 a 89.81 ab 7.73 be 
216 CGA-245704 Twice 10.13 a 91.28 ab 7.41 be 
216 Non-treated control None 11.41 a 87.06 ab 6.67 c 
225 Mancozeb T wice 13.44 a 84.36 ab 8.20 ab 
225 Propiconazole Twice 11.33 a 87.61 a 8.92 ab 
225 Cupric Hydroxide Twice 13.02 a 84.75 ab 7.24 b 
225 Chlorothalonil T wice 9.81 a 82.43 b 8.47 ab 
225 Mancozeb Once 10.43 a 83.96 ab 9.73 a 
225 Propiconazolc Once 14.71 a 83.97 ab 7.38 ab 
225 Cupric Hydroxide Once 12.79 a 86.87 ab 7.43 ab 
225 Chlorothalonil Once 11.18 a 84.33 ab 7.45 ab 
225 CGA-245704 Twice 12.78 a 83.96 ab 7.13 b 
225 N'on-trcatcd control None 13.07 a 89.05 a 8.61 ab 
230 Mancozeb Twice 13.22 be 91.92 a 9.73 ab 
230 Propiconazolc Twice 14.03 b 90.37 a 7.68 be 
230 Cupric Hydroxide Twice 16.42 ab 90.11 a 7.23 c 
230 Chlorothalonil Twice 8.76 c 90.35 a 10.51 a 
230 Mancozeb Once 19.31 a 89.52 a 6.51 c 
230 Propiconazolc Once 17.48 ab 89.99 a 6.86 c 
230 Cupric Hydroxide Once 18.88 a 90.38 a 6.60 c 
230 Chlorothalonil Once 13.89 b 91.00 a 8.37 abc 
230 CGA-245704 Twice 15.97 ab 89.97 a 8.25 abc 
230 Non-trcatcd control None 16.73 ab 88.78 a 8.36 abc 
237 Mancozeb Twice 19.43 a 91.22 a 5.79 ab 
237 Propiconazole Twice 17.93 a 89.26 a 5.91 ab 
237 Cupric Hydroxide Twice 19.77 a 91.67 a 6.66 ab 
237 Chlorothalonil Twice 21.32 a 87.63 a 5.79 ab 
237 Mancozeb Oncc 18.88 a 91.36 a 6.52 ab 
237 Propiconazolc Once 20.80 a 92.16 a 5.53 ab 
237 Cupric Hydroxide Oncc 21.53 a 91.91 a 5.21 b 
225 
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237 Chlorothalonil Oncc 19.88 a 88.35 a 6.91 ab 
237 CGA-245704 Twicc 20.91 a 90.99 a 5.98 ab 
237 Non-trcatcd control None 20.00 a 92.36 a 7.70 a 
247 Mancozefa Twicc 20.49 d 94.18 ab 8.55 cd 
247 Propiconazolc Twicc 22.17 bed 92.03 be 9.83 abc 
247 Cupric Hydro.xide Twicc 24.62 abc 94.82 ab 8.58 cd 
247 Chlorothalonil Twicc 19.66 d 89.84 c 6.69 d 
247 •Mancozcb Once 23.91 be 93.88 ab 11.45 ab 
247 Propiconazolc Once 21.86 cd 93.45 abc 9.51 be 
247 Cupric Hydro.xide Once 21.67 cd 94.28 ab 12.24 a 
247 Chlorothalonil Oncc 21.48 cd 96.32 a 9.66 be 
247 CG.\-245704 Twicc 25.21 ab 94.11 ab 11.16 ab 
247 Non-treated control None 27.69 a 95.19 ab 9.93 abc 
Nashua 1996 157 Mancozcb Twicc 0.42 a 8.17 a 0.25 b 
157 Propiconazolc Twice 0.00 a 12.00 a 0.43 ab 
157 Cupric Hydroxide T wice 1.00 a 10.50 a 1.08 ab 
157 Chlorothalonil T wice 0.00 a 9.50 a 0.21 b 
157 Mancozcb Once 0.42 a 12.50 a 0.06 b 
157 Propiconazolc Oncc 0.42 a 10.83 a 1.42 a 
157 Cupric Hydro.xide Once 0.42 a 9.54 a 0.58 ab 
157 Chlorothalonil Oncc 1.00 a 11.63 a 0.92 ab 
157 CGA-245704 Twice 1.42 a 14.08 a 1.09 ab 
157 Non-trcatcd control None 0.63 a 13.08 a 0.77 ab 
164 Mancozcb T wice 1.19 ab 26.64 ab 0.54 a 
164 Propiconazolc Twice 0.00 b 22.49 ab 0.52 a 
164 Cupric Hydroxide Twicc 1.93 a 28.02 ab 0.53 a 
164 Chlorothalonil T wice 1.07 ab 29.79 a 0.52 a 
164 Mancozcb Oncc 1.11 ab 21.83 ab 0.73 a 
164 Propiconazolc Once 1.27 ab 22.03 ab 0.72 a 
164 Cupric Hydroxide Oncc 1.13 ab 20.90 b 0.89 a 
164 Chlorothalonil Oncc 1.13 ab 22.85 ab 0.74 a 
164 CGA-245704 Twice 0.73 ab 27.27 ab 0.37 a 
164 Non-trcatcd control None 0.00 b 25.90 ab 0.66 a 
171 Mancozcb T wice 0.89 a 27.51 a 0.87 ab 
171 Propiconazolc T wice 1.61 a 28.06 a 0.55 ab 
171 Cupric Hydroxide Twicc 1.02 a 25.09 a 0.68 ab 
171 Chlorothalonil Twicc 1.22 a 28.95 a 0.39 b 
171 Mancozcb Once 1.05 a 30.40 a 0.66 ab 
171 Propiconazolc Once 0.23 a 26.49 a 0.66 ab 
171 Cupric Hydroxide Oncc 0.44 a 28.18 a 0.44 b 
171 Chlorothalonil Oncc 0.85 a 24.22 a 0.60 ab 
171 CGA-245704 Twice 1.98 a 25.22 a 1.14 a 
171 Non-trcatcd control None 1.38 a 26.95 a 0.56 ab 
178 Mancozcb 
178 Propiconazolc 
178 Cupric Hydroxide 
178 Chlorothalonil 
Twicc 6.62 ab 
Twice 6.49 ab 
Twice 5.48 ab 
Twice 8.80 a 
39.85 ab 1.78 bed 
38.53 b 1.08 cd 
36.76 b 1.06 cd 
42.29 ab 0.89 d 
226 
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178 Mancozcb Once 7.61 ab 38.14 b 2.49 ab 
178 Propiconazole Once 3.50 b 38.26 b 1.69 bed 
178 Cupric Hydro.xide Once 9.32 a 42.82 ab 3.14 a 
178 Chlorothalonil Once 6.58 ab 37.78 b 2.05 abed 
178 CGA-245704 T wice 9.53 a 50.13 a 2.36 abc 
178 Non-treated control None 6.01 ab 45.51 ab 1.41 bed 
185 Mancozcb Twice 16.87 a 46.18 ab 3.39 abc 
185 Propiconazole Twice 17.56 a 36.25 c 2.07 c 
185 Cupric Hydro.xide Twice 17.03 a 45.40 abc 3.70 ab 
185 Chlorothalonil Twicc 16.83 a 43.82 abc 2.56 be 
185 Mancozcb Once 19.03 a 47.68 ab 4.24 a 
185 Propiconazole Once 13.95 a 42.51 be 2.52 be 
185 Cupric Hydro.xide Once 16.12 a 46.72 ab 2.54 be 
185 Chlorothalonil Oncc 19.19 a 44.58 abc 2.95 abc 
185 CGA-245704 Twicc 20.24 a 49.36 ab 2.33 be 
185 Non-treated control None 19.90 a 52.60 a 3.70 ab 
193 Mancozcb Twice 18.20 a 52.25 abc 4.57 a 
193 Propiconazole Twice 19.69 a 49.00 be 3.96 a 
193 Cupric Hydroxide Twice 22.33 a 59.28 ab 3.40 a 
193 Chlorothalonil Twice 22.55 a 47.53 be 4.40 a 
193 Mancozcb Oncc 20.93 a 53.45 abc 3.77 a 
193 Propiconazole Oncc 17.45 a 49.63 be 3.08 a 
193 Cupric Hydroxide Once 22.14 a 53.78 abc 3.34 a 
193 Chlorothalonil Once 17.97 a 42.83 c 3.46 a 
193 CGA-245704 Twice 24.54 a 62.02 a 4.11 a 
193 Non-treated control None 21.64 a 63.24 a 3.67 a 
206 Mancozcb Twice 6.38 a 24.36 a 1.65 ab 
206 Propiconazole Twice 4.20 a 13.40 b 0.58 b 
206 Cupric Hydroxide Twice 5.51 a 26.22 a 1.47 ab 
206 Chlorothalonil Twicc 5.54 a 18.96 ab 1.07 ab 
206 Mancozcb Oncc 3.34 a 24.52 a 1.27 ab 
206 Propiconazolc Once 4.87 a 21.08 ab 1.89 ab 
206 Cupric Hydroxide Oncc 7.13 a 19.77 ab 1.72 ab 
206 Chlorothalonil Oncc 7.16 a 18.48 ab 0.75 ab 
206 CGA-245704 Twicc 3.87 a 17.77 ab 1.35 ab 
206 Non-trcatcd control None 4.84 a 19.69 ab 2.43 a 
213 Mancozcb Twice 4.01 ab 26.67 ab 1.91 ab 
213 Propiconazole Twice 4.87 ab 32.77 ab 1.18 b 
213 Cupric Hydroxide Twicc 3.05 ab 26.22 ab 1.87 ab 
213 Chlorothalonil Twicc 5.47 ab 25.82 ab 1.29 b 
213 Mancozcb Once 5.86 ab 30.52 ab 1.78 ab 
213 Propiconazole Once 4.35 ab 21.16 b 1.61 b 
213 Cupric Hydroxide Once 6.83 a 44.95 a 1.96 ab 
213 Chlorothalonil Oncc 4.25 ab 25.33 ab 1.01 b 
213 CGA-245704 Twicc 5.71 ab 40.01 ab 1.66 ab 
213 Non-treated control None 2.03 b 37.75 ab 3.07 a 
220 Mancozcb Twice 8.55 be 53.78 cd 2.65 a 
227 
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220 Propiconazole Twice 10.95 abc 54.31 bed 3.20 a 
220 Cupric Hydroxide Twice 15.97 a 65.91 abc 2.93 a 
220 Chlorothalonil Twice 11.19 abc 47.30 d 3.89 a 
220 Mancozcb Once 9.77 be 54.87 bed 3.72 a 
220 Propiconazole Once 13.67 abc 52.11 cd 3.16 a 
220 Cupric Hydroxide Once 13.87 abc 68.32 ab 3.97 a 
220 Chlorothalonil Once 8.35 c 41.90 d 3.05 a 
220 CGA-245704 Twice 14.03 ab 70.68 a 3.51 a 
220 Non-treated control None 12.84 abc 61.87 abc 2.95 a 
227 Mancozeb Twice 11.70 c 52.42 abc 3.56 a 
227 Propiconazole Twice 13.44 be 56.18 abc 3.48 a 
227 Cupric Hydroxide Twice 18.17 ab 61.03 ab 4.22 a 
227 Chlorothalonil Twice 12.68 be 43.14 c 3.75 a 
227 Mancozeb Oncc 11.49 c 62.58 a 2.77 a 
227 Propiconazole Once 14.96 be 56.13 abc 3.00 a 
227 Cupric Hydroxide Oncc 18.52 ab 65.62 a 4.59 a 
227 Chlorothalonil Oncc 10.70 c 46.63 be 4.42 a 
227 CGA-245704 Twicc 23.69 a 65.78 a 3.32 a 
227 Non-trcatcd control None 15.46 be 56.66 abc 3-98 a 
234 Mancozcb Twicc 15.39 be 65.86 b 3.86 c 
234 Propiconazole Twice 15.56 be 62.32 be 5.09 de 
234 Cupric Hydroxide Twice 23.62 a 86.16 a 10.71 a 
234 Chlorothalonil T wicc 12.42 c 53.27 c 3.22 e 
234 Mancozcb Oncc 23.07 ab 85.89 a 9.83 ab 
234 Propiconazole Once 28.38 a 84.63 a 8.44 abed 
234 Cupric Hydroxide Once 27.35 a 81.32 a 5.94 cde 
234 Chlorothalonil Once 11.60 c 79.38 a 6.59 bcdc 
234 CGA-245704 Twice 29.79 a 87.69 a 8.98 abc 
234 Non-treated control None 25.28 a 78.29 a 6.00 cdc 
1997 124 Mancozcb Twicc 23.41 abc 59.72 a 3.95 a 
124 Propiconazole Twicc 25.01 abc 61.97 a 4.09 a 
124 Cupric Hydroxide Twicc 24.13 abc 55.94 a 3.39 a 
124 Chlorothalonil T wicc 19.75 abc 57.80 a 3.80 a 
124 Mancozeb Oncc 26.83 a 57.72 a 4.87 a 
124 Propiconazole Once 22.67 abc 59.19 a 4.83 a 
124 Cupric Hydroxide Once 16.57 c 51.79 a 3.68 a 
124 Chlorothalonil Once 26.98 a 61.94 a 3.00 a 
124 CGA-245704 Twicc 17.77 be 55.34 a 5.15 a 
124 Non-treated control None 25.09 ab 54.40 a 3.69 a 
133 Mancozcb Twicc 21.18 ab 77.01 a 2.80 ab 
133 Propiconazolc Twicc 23.69 ab 80.54 a 2.80 ab 
133 Cupric Hydroxide Twicc 27.32 a 84.55 a 3.43 ab 
133 Chlorothalonil Twicc 21.31 ab 77.40 a 3.47 ab 
133 Mancozcb Oncc 23.00 ab 82.37 a 3.37 ab 
133 Propiconazole Once 23.16 ab 76.79 a 2.31 b 
133 Cupric Hydroxide Once 22.86 ab 82.12 a 3.12 ab 
133 Chlorothalonil Once 19.92 b 80.05 a 4.10 a 
133 CGA-245704 Twice 21.74 ab 82.49 a 3.91 ab 
228 
Day of 
Location Year vear Funeicide 
Application 
Trequeno' 
Percentage 
deroliation 
Disease 
incidence 
Disease 
severit\-
133 Non-treated control None 20.72 ab 82.19 a 3.91 ab 
139 Mancozcb Twicc 20.82 a 83.46 a 4.76 abc 
139 Propiconazolc Twice 20.67 a 85.59 a 3.41 c 
139 Cupric Hydroxide Twice 20.61 a 86.48 a 4.60 abc 
139 Chlorothalonil Twicc 19.73 a 82.71 a 4.91 abc 
139 Mancozcb Oncc 21.08 a 82.26 a 5.03 ab 
139 Propiconazolc Oncc 19.25 ab 82.39 a 4.52 abc 
139 Cupric Hydroxide Oncc 23.14 a 86.74 a 5.48 ab 
139 Chlorothalonil Oncc 21.11 a 85.94 a 4.38 be 
139 CGA-245704 Twicc 21.44 a 87.62 a 4.95 ab 
139 Non-treated control None 15.21 b 87.84 a 5.94 a 
147 Mancozeb Twicc 18.77 ab 77.25 ab 5.70 b 
147 Propiconazolc Twicc 16.54 be 75.98 ab 7.31 ab 
147 Cupric Hydroxide Twicc 19.62 ab 73.79 ab 7.09 ab 
147 Chlorothalonil Twice 16.61 be 75.43 ab 7.86 ab 
147 Mancozcb Once 1 7.58 ab 79.59 a 8.56 a 
147 Propiconazolc Once 12.88 c 75.16 ab 8.65 a 
147 Cupric Hydroxide Oncc 20.78 ab 76.67 ab 7.69 ab 
147 Chlorothalonil Oncc 17.91 ab 73.27 b 6.03 ab 
147 CGA-245704 Twice 21.90 a 76.56 ab 7.30 ab 
147 Non-treated control None 19.22 ab 76.93 ab 7.33 ab 
154 Mancozeb Twicc 27.88 ab 69.08 abc 6.48 c 
154 Propiconazolc Twice 23.61 be 71.70 ab 10.65 ab 
154 Cupric Hydroxide Twicc 30.45 a 73.37 a 7.24 be 
154 Chlorothalonil Twice 27.25 ab 70.39 ab 7.49 abc 
154 Vtancozeb Once 25.22 abc 71.15 ab 8.18 abc 
154 Propiconazolc Once 20.51 c 67.15 be 11.18 a 
154 Cupric Hydroxide Once 27.67 ab 70.35 ab 8.54 abc 
154 Chlorothalonil Oncc 23.30 be 63.86 c 7.64 abc 
154 CGA-245704 Twicc 27.12 ab 71.33 ab 8.28 abc 
154 Non-treated control None 24.67 be 71.99 ab 10.40 ab 
162 Mancozeb Twicc 29.93 ab 88.41 ab 6.83 c 
162 Propiconazolc Twicc 31.73 a 86.78 ab 9.79 abc 
162 Cupric Hydroxide Twicc 29.59 ab 88.35 ab 7.83 be 
162 Chlorothalonil Twice 25.59 b 84.40 b 7.92 be 
162 Mancozcb Once 32.51 a 90.69 a 9.15 abc 
162 Propiconazolc Once 29.20 ab 86.96 ab 11.31 a 
162 Cupric Hydroxide Once 31.53 a 90.05 a 10.30 ab 
162 Chlorothalonil Oncc 31.22 a 90.08 a 8.76 abc 
162 CGA-245704 Twicc 32.95 a 90.16 a 10.82 ab 
162 Non-treated control None 30.34 ab 89.70 a 9.84 abc 
175 Mancozeb Twicc 16.85 ab 100.00 a 12.51 ab 
175 Propiconazolc Twicc 17.93 ab 99.58 a 12.76 ab 
175 Cupric Hydroxide Twicc 20.37 a 99.10 a 14.27 ab 
175 Chlorothalonil Twicc 18.86 ab 98.95 a 13.26 ab 
175 Mancozeb Oncc 21.17 a 98.97 a 11.08 b 
175 Propiconazolc Oncc 18.08 ab 99.75 a 13.88 ab 
229 
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175 Cupric Hydroxide Once 19.72 ab 100.00 a 13.25 ab 
175 Chlorothalonil Once 14.14 b 99.41 a 15.62 a 
175 CGA-245704 Twice 17.05 ab 99.05 a 12.44 ab 
175 Non-treated control None 20.90 a 98.97 a 13.46 ab 
182 Mancozcb Twice 20.79 abc 99.47 ab 17.03 c 
182 Propiconazolc Twice 16.97 c 99.00 ab 21.76 ab 
1S2 Cupric Hydroxide Twice 19.75 be 98.80 ab 20.97 abc 
182 Chlorothalonil Twice 22.00 abc 97.99 b 17.24 c 
182 Mancozeb Once 19.70 be 99.58 a 18.92 abc 
182 Propiconazolc Once 20.25 abc 99.29 ab 18.31 be 
182 Cupric Hydroxide Once 23.13 ab 100.00 a 17.30 c 
182 Chlorothalonil Once 25.19 a 99.25 ab 17.03 c 
182 CGA-245704 Twice 19.63 be 99.75 a 18.79 abc 
182 Non-treated control None 16.84 c 99.30 ab 22.96 a 
189 Mancozeb Twice 20.80 b 94.42 ab 17.40 ab 
189 Propiconazolc Twice 21.51 ab 93.40 b 18.37 ab 
189 Cupric Hydro.xide Twice 22.72 ab 94.93 ab 19.70 a 
189 Chlorothalonil Twicc 22.36 ab 93.98 b 17.28 ab 
189 Mancozcb Oncc 21.07 ab 95.03 ab 17.72 ab 
189 Propiconazolc Once 24.67 ab 96.44 ab 18.44 ab 
189 Cupric Hydroxide Once 22.44 ab 95.27 ab 19.02 ab 
189 Chlorothalonil Once 26.36 a 97.72 a 14.76 b 
189 CGA-245704 Twice 25.80 ab 95.61 ab 17.31 ab 
189 Non-treated control None 25.12 ab 95.83 ab 18.30 ab 
198 Mancozeb Twice 33.72 abc 97.80 c 10.18 ab 
198 Propiconazolc Twicc 32.68 be 98.98 abc 12.19 a 
198 Cupric Hydroxide Twice 33.83 abc 99.56 ab 10.94 ab 
198 Chlorothalonil Twice 35.46 abc 98.38 be 8.33 b 
198 Mancozcb Once 37.11 a 100.00 a 11.27 ab 
198 Propiconazolc Once 36.12 ab 99.82 a 10.76 ab 
198 Cupric Hydroxide Once 36.64 a 99.49 ab 11.24 ab 
198 Chlorothalonil Once 31.99 c 99.31 ab 12.20 a 
198 CGA-245704 Twice 37.36 a 99.33 ab 12.32 a 
198 Non-treated control None 33.82 abc 99.40 ab 12.88 a 
205 Mancozeb Twice 33.35 c 99.12 a 12.12 a 
205 Propiconazolc Twice 41.28 a 98.92 a 11.11 a 
205 Cupric Hydroxide Twicc 38.38 ab 99.87 a 11.35 a 
205 Chlorothalonil Twice 29.40 d 98.80 a 11.35 a 
205 .Mancozeb Once 40.53 ab 99.14 a 11.83 a 
205 Propiconazolc Once 37.71 b 98.55 a 13.07 a 
205 Cupric Hydroxide Once 39.17 ab 98.92 a 13.62 a 
205 Chlorothalonil Once 37.71 b 99.53 a 15.13 a 
205 CGA-245704 Twicc 38.57 ab 98.83 a 12.72 a 
205 Non-treated control None 40.21 ab 98.58 a 13.78 a 
217 Mancozcb Twice 
217 Propiconazolc Twice 
217 Cupric Hydroxide Twice 
13.51 abc 
8.43 c 
9.91 c 
91.09 a 
91.73 a 
93.60 a 
15.64 ab 
15.81 ab 
14.66 ab 
230 
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217 Chlorothalonil Twicc 10.68 abc 95.37 a 16.10 ab 
217 Mancozcb Once 13.62 abc 90.86 a 12.57 b 
217 Propiconazolc Once 15.74 ab 93.52 a 14.72 ab 
217 Cupric Hydroxide Once 11.54 abc 95.57 a 18.23 a 
217 Chlorothalonil Once 12.61 abc 94.02 a 14.80 ab 
217 CGA-245704 T wice 10.29 be 92.70 a 13.71 b 
217 Non-treated control None 16.19 a 91.34 a 15.31 ab 
226 Mancozeb Twice 15.55 a 89.61 a 11.24 a 
226 Propiconazolc Twice 13.85 a 87.44 a 13.37 a 
226 Cupric Hydroxide Twicc 13.85 a 89.77 a 12.89 a 
226 Chlorothalonil Twice 11.86 a 88.06 a 13.08 a 
226 Mancozeb Once 10.22 a 87.83 a 12.04 a 
226 Propiconazolc Once 13.00 a 89.75 a 13.68 a 
226 Cupric Hydroxide Once 13.21 a 88.45 a 13.84 a 
226 Chlorothalonil Once 13.78 a 89.67 a 11.69 a 
226 CGA-245704 Twice 14.87 a 90.53 a 12.20 a 
226 Non-treated control None 10.49 a 90.96 a 14.52 a 
232 Mancozcb T wice 19.89 ab 92.31 a 8.08 a 
232 Propiconazolc Twicc 16.24 b 92.28 a 10.13 a 
232 Cupric Hydroxide Twice 19.84 ab 92.76 a 8.56 a 
232 Chlorothalonil Twicc 15.86 b 93.96 a 9.39 a 
232 Mancozcb Once 19.41 ab 92.49 a 8.51 a 
232 Propiconazolc Once 16.68 ab 93.15 a 10.20 a 
232 Cupric Hydroxide Oncc 20.91 ab 93.61 a 8.79 a 
232 Chlorothalonil Once 21.04 ab 94.67 a 10.18 a 
232 CGA-245704 Twice 22.34 a 93.79 a 8.81 a 
232 Non-treated control None 20.52 ab 93.29 a 10.86 a 
23S Mancozcb Twice 23.27 abc 98.46 ab 8.67 bed 
238 Propiconazolc Twice 22.12 abc 97.63 be 8.03 cd 
238 Cupric Hydroxide Twice 23.95 ab 98.65 ab 7.83 d 
238 Chlorothalonil Twice 24.00 ab 96.46 c 7.97 cd 
238 Mancozcb Once 20.87 abc 99.65 a 10.62 abc 
238 Propiconazolc Once 19.20 be 98.52 ab 10.28 abed 
238 Cupric Hydroxide Once 23.80 ab 99.01 ab 9.66 abed 
238 Chlorothalonil Once 17.54 c 99.63 a 11.82 a 
238 CGA-245704 Twice 23.73 ab 99.61 a 11.21 ab 
238 Non-treated control None 26.12 a 99.56 a 9.33 abed 
243 Mancozcb T wice 28.22 dc 99.87 a 9.42 be 
243 Propiconazolc Twice 30.04 cdc 100.00 a 8.93 c 
243 Cupric Hydroxide Twice 29.10 de 99.86 a 10.09 be 
243 Chlorothalonil Twice 21.39 f 99.71 a 9.54 be 
243 Mancozeb Oncc 31.50 bcdc 100.00 a 13.24 a 
243 Propiconazolc Oncc 33.77 abed 99.69 a 11.65 ab 
243 Cupric Hydroxide Once 37.23 ab 99.67 a 10.72 be 
243 Chlorothalonil Oncc 26.59 ef 99.69 a 11.19 abc 
243 CGA-245704 Twicc 35.51 abc 100.00 a 9.72 be 
243 Non-trcatcd control None 39.65 a 99.88 a 9.41 be 
231 
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I99S 113 Mancozcb Twice 41.56 ab 98.16 a I7.4S a 
113 Propiconazolc Twice 39.89 ab 97.66 a 15.80 ab 
113 Cupric Hydroxide Twice 39.51 ab 97.78 a 16.08 ab 
113 Chlorothalonil Twice 37.35 b 97.59 a 16.43 ab 
113 Mancozeb Once 36.34 b 98.32 a 16.66 a 
113 Propiconazolc Once 41.02 ab 97.46 a 13.66 ab 
113 Cupric Hydroxide Once 37.64 b 96.44 a 15.36 ab 
113 Chlorothalonil Once 42.10 ab 98.52 a 13.85 ab 
113 CGA-245704 Twice 40.22 ab 97.90 a 17.30 a 
113 Non-treated control None 45.57 a 98.24 a 11.53 b 
122 Mancozeb Twice 32.38 a 83.16 ab 16.88 abc 
122 Propiconazolc Twice 30.84 a 82.67 ab 13.82 abc 
122 Cupric Hydroxide Twice 36.07 a 85.71 a 14.51 abc 
122 Chlorothalonil Twice 36.62 a 81.58 ab 13.81 abc 
122 Mancozeb Once 36.02 a 84.19 ab 12.91 c 
122 Propiconazolc Once 33.36 a 85.15 ab 17.99 ab 
122 Cupric Hydroxide Once 34.02 a 84.55 ab 18.43 a 
122 Chlorothalonil Once 35.27 a 83.80 ab 16.02 abc 
122 CGA-245704 Twice 33.19 a 84.30 ab 13.09 be 
122 Non-treated control None 34.56 a 81.18 b 14.24 abc 
126 Mancozeb Twice 35.12 ab 69.50 ab 9.14 a 
126 Propiconazolc Twice 32.55 ab 69.24 ab 10.25 a 
126 Cupric Hydroxide Twice 36.55 a 72.71 a 10.70 a 
126 Chlorothalonil Twice 33.47 ab 69.81 ab 9.16 a 
126 Mancozcb Once 33.72 ab 68.06 b 8.77 a 
126 Propiconazolc Once 30.33 b 70.19 ab 11.75 a 
126 Cupric Hydroxide Oncc 33.88 ab 69.37 ab 10.14 a 
126 Chlorothalonil Once 36.34 a 71.26 ab 11.39 a 
126 CGA-245704 Twicc 33.91 ab 70.11 ab 9.34 a 
126 Non-treated control None 31.65 ab 70.16 ab 10.95 a 
134 Mancozcb Twice 39.73 ab 72.47 c 5.25 a 
134 Propiconazolc T wice 37.55 b 72.21 c 7.79 a 
134 Cupric Hydroxide Twice 41.05 ab 83.41 ab 7.78 a 
134 Chlorothalonil Twice 40.79 ab 72.27 c 6.54 a 
134 Mancozeb Once 39.98 ab 80.71 abc 6.44 a 
134 Propiconazolc Oncc 42.18 ab 79.21 abc 6.94 a 
134 Cupric Hydroxide Oncc 41.23 ab 80.34 abc 6.43 a 
134 Chlorothalonil Once 40.81 ab 78.78 be 6.97 a 
134 CGA-245704 Twice 43.45 a 78.18 be 5.68 a 
134 Non-treated control None 44.09 a 89.10 a 6.95 a 
141 Mancozeb Twicc 36.49 be 65.02 bed 4.56 b 
141 Propiconazolc Twice 36.42 be 63.74 cd 5.19 ab 
141 Cupric Hydroxide Twice 38.11 abc 73.96 ab 5.89 ab 
141 Chlorothalonil Twice 39.03 abc 59.91 d 4.48 b 
141 Mancozeb Once 39.39 ab 71.79 abc 4.43 b 
141 Propiconazolc Oncc 39.48 ab 70.17 abc 5.54 ab 
141 Cupric Hydroxide Oncc 40.79 a 68.96 abed 4.23 b 
141 Chlorothalonil Oncc 35.45 c 68.80 abed 4.79 b 
232 
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141 CGA-245704 Twice 39.17 abc 67.46 abed 4.12 b 
141 Non-treated control None 41.46 a 74.57 a 7.27 a 
148 Mancozeb Twice 38.56 a 71.67 a 5.87 a 
148 Propiconazole Twice 38.22 a 70.04 a 5.68 a 
148 Cupric Hydro.xide Twice 40.34 a 74.93 a 6.47 a 
148 Chlorothalonil T wice 37.55 a 76.02 a 6.23 a 
148 Mancozeb Once 38.30 a 73.55 a 8.03 a 
148 Propiconazole Once 37.68 a 70.63 a 8.28 a 
148 Cupric Hydro.xide Once 40.08 a 76.91 a 8.96 a 
148 Chlorothalonil Once 38.08 a 73.39 a 7.64 a 
148 CGA-245704 Twice 38.31 a 80.97 a 9.83 a 
148 Non-treated control None 40.52 a 78.74 a 9.06 a 
155 Mancozeb Twice 27.72 a 81.01 ab 7.65 ab 
155 Propiconazole T wice 30.03 a 77.66 b 7.63 ab 
155 Cupric Hydro.xide Twice 29.44 a 81.40 ab 7.74 ab 
155 Chlorothalonil Twice 27.88 a 82.44 a 6.75 be 
155 Mancozeb Once 28.71 a 80.84 ab 7.93 ab 
155 Propiconazole Once 27.43 a 79.79 ab 9.02 a 
155 Cupric Hydro.vide Once 30.74 a 81.43 ab 8.48 ab 
155 Chlorothalonil Once 28.58 a 78.13 b 7.08 abc 
155 CGA-245704 Twice 30.48 a 81.62 ab 5.53 c 
155 Non-treated control None 30.67 a 79.66 ab 8.35 ab 
170 Mancozeb Twice 34.67 abc 97.88 ab 15.1 1 ab 
170 Propiconazole T wice 35.85 ab 97.08 ab 20.83 ab 
170 Cupric Hydro.xide Twice 30.44 be 97.70 ab 21.96 a 
170 Chlorothalonil Twice 32.67 abc 97.89 ab 21.43 ab 
170 Mancozeb Once 31.85 abc 96.98 ab 17.51 ab 
170 Propiconazole Once 26.42 c 97.84 ab 17.64 ab 
170 Cupric Hydro.xide Once 30.62 be 96.71 b 19.38 ab 
170 Chlorothalonil Once 39.58 a 98.04 ab 18.53 ab 
170 CGA-245704 Twice 32.18 abc 98.14 ab 10.99 b 
170 Non-treated control None 31.22 abc 99.47 a 21.25 ab 
176 Mancozeb Twicc 17.72 abed 80.94 b 11.98 b 
176 Propiconazole Twice 17.57 abed 81.47 ab 13.22 b 
176 Cupric Hydro.xide Twice 23.11 ab 84.95 a 17.99 a 
176 Chlorothalonil Twicc 24.09 a 80.75 b 13.57 b 
176 Mancozeb Once 16.92 bed 80.65 b 14.66 ab 
176 Propiconazole Once 15.49 d 80.83 b 13.92 ab 
176 Cupric Hydroxide Once 15.79 cd 80.65 b 12.23 b 
176 Chlorothalonil Once 14.72 d 82.10 ab 13.32 b 
176 CGA-245704 Twice 18.16 abed 83.50 ab 14.57 ab 
176 Non-treated control None 22.60 abc 82.62 ab 15.39 ab 
182 Mancozeb Twicc 29.44 abc 80.21 abc 8.14 b 
182 Propiconazole Twice 26.53 be 78.78 be 8.68 ab 
182 Cupric Hydroxide Twice 28.58 abc 81.52 ab 10.24 a 
182 Chlorothalonil Twicc 31.67 ab 83.34 a 8.07 b 
182 Mancozeb Once 27.76 abc 80.35 abc 7.99 b 
233 
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182 Propiconazolc Oncc 24.63 c 77.10 c 8.23 ab 
182 Cupric Hydroxide Oncc 28.50 abc 80.62 abc 9.59 ab 
182 Chlorothalonil Oncc 26.72 abc 80.17 abc 8.88 ab 
182 CGA-245704 Twice 32.83 a 80.80 ab 9.38 ab 
182 Non-trcatcd control None 31.84 ab 83.25 a 9.85 ab 
189 Mancozcb Twice 32.41 ab 77.62 c 7.23 a 
189 Propiconazolc Twice 35.64 ab 79.98 abc 7.35 a 
189 Cupric Hydro.xidc Twicc 35.64 ab 82.07 a 8.27 a 
189 Chlorothalonil Twicc 31.33 b 77.85 be 7.58 a 
189 Mancozcb Oncc 33.85 ab 81.52 a 8.59 a 
189 Propiconazolc Once 38.36 a 81.42 a S.03 a 
189 Cupric Hydroxide Oncc 37.39 ab 80.76 abc 8.92 a 
189 Chlorothalonil Once 34.29 ab 80.81 abc 8.60 a 
189 CGA-245704 T wicc 37.42 ab 81.46 a 8.22 a 
189 Non-trcatcd control None 35.90 ab 81.20 ab 7.08 a 
197 Mancozcb T wicc 35.57 cf 81.19 abc 9.18 be 
197 Propiconazolc Twicc 39.39 bed 80.84 abc 11.84 ab 
197 Cupric Hydroxide Twicc 37.17 cdc 82.72 ab 8.92 be 
197 Chlorothalonil Twicc 32.30 f 79.87 c 9.27 be 
197 Mancozcb Once 43.30 a 82.81 ab 10.34 abc 
197 Propiconazolc Once 42.93 ab 80.28 be 8.63 c 
197 Cupric Hydroxide Once 40.74 abc 83.40 a 11.17 abc 
197 Chlorothalonil Once 36.91 dc 81.55 abc 12.48 a 
197 CGA-245704 Twicc 40.66 abc 81.73 abc 9.49 abc 
197 Non-trcatcd control None 44.06 a 82.99 ab 10.64 abc 
210 Mancozcb Twice 31.99 ab 83.18 a 6.86 ab 
210 Propiconazolc Twice 33.24 a 77.57 a 3.82 b 
210 Cupric Hydroxide T wicc 31.84 ab 77.41 a 4.35 ab 
210 Chlorothalonil Twicc 34.56 a 82.25 a 5.28 ab 
210 Mancozcb Oncc 31.54 ab 80.88 a 5.88 ab 
210 Propiconazolc Once 35.82 a 81.16 a 5.67 ab 
210 Cupric Hydroxide Oncc 33.53 a 82.58 a 6.78 ab 
210 Chlorothalonil Oncc 26.48 b 80.20 a 7.53 a 
210 CGA-245704 Twicc 34.16 a 78.88 a 4.73 ab 
210 Non-treated control None 29.61 ab 79.37 a 5.50 ab 
219 Mancozcb Twice 14.51 ab 83.57 a 7.48 ab 
219 Propiconazolc Twicc 12.76 ab 81.33 ab 8.31 ab 
219 Cupric Hydroxide Twice 14.19 ab 84.94 a 9.30 a 
219 Chlorothalonil Twicc 14.56 ab 77.04 b 6.24 b 
219 Mancozcb Oncc 11.75 b 80.42 ab 7.53 ab 
219 Propiconazolc Oncc 15.11 ab 83.10 a 8.64 ab 
219 Cupric Hydroxide Once 17.13 a 81.84 ab 7.83 ab 
219 Chlorothalonil Oncc 14.79 ab 80.81 ab 6.51 b 
219 CGA-245704 Twicc 15.77 ab 81.40 ab 7.92 ab 
219 Non-trcatcd control None 15.86 ab 79.99 ab 7.11 ab 
226 Mancozcb Twicc 14.12 ab 80.29 abed 7.30 a 
226 Propiconazolc Twicc 15.50 ab 81.37 ab 8.06 a 
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226 Cupric Hydroxide Twice 14.30 ab 81.02 ab 8.17 a 
226 Chlcrothalonil Twice 14.17 ab 80.43 abed 6.72 a 
226 Mancozeb Once 12.22 b 79.93 bed 8.42 a 
226 Propiconazole Once 14.78 ab 79.11 cd 8.13 a 
226 Cupric Hydro.xidc Once 18.26 a 78.75 d 8.11 a 
226 Chlcrothalonil Once 14.54 ab 80.79 abc 6.95 a 
226 CGA-245704 Twice 19.31 a 81.95 a 7.07 a 
226 Non-treated control None 15.16 ab 79.64 bed 7.91 a 
232 Mancozeb Twice 27.23 cd 77.73 be 9.62 a 
232 Propiconazole Twice 31.82 ab 79.48 ab 11.14 a 
232 Cupric Hydroxide Twice 28.95 abed 80.50 ab I 1.20 a 
232 Chlorothalonii Twice 21.47 f 75.74 c 9.11 a 
232 Mancozeb Once 25.39 de 82.33 a 10.95 a 
232 Propiconazole Once 30.67 abc 82.62 a 10.02 a 
232 Cupric Hydroxide Once 28.61 bed 80.53 ab 10.03 a 
232 Chlorothalonii Once 21.79 ef 82.23 a 10.59 a 
232 CGA-245704 Twice 30.60 abc 79.89 ab 9.96 a 
232 Non-treated control None 32.33 a 83.11 a 10.05 a 
240 Mancozeb Twice 36.26 be 88.58 a 13.13 ab 
240 Propiconazole Twice 43.94 a 86.91 a 10.68 be 
240 Cupric Hydroxide Twice 41.10 ab 87.99 a 14.56 a 
240 Chlorothalonii Twice 31.39 c 87.71 a 13.44 ab 
240 Mancozcb Once 45.05 a 88.42 a 9.98 c 
240 Propiconazole Once 41.71 ab 88.84 a 10.65 be 
240 Cupric Hydroxide Once 43.66 a 88.83 a 13.05 ab 
240 Chlorothalonii Once 39.95 ab 88.24 a 14.81 a 
240 CGA-245704 Twice 45.40 a 88.87 a 11.12 be 
240 Non-treated control None 42.23 a 88.87 a 13.10 ab 
248 Mancozeb Twice 43.74 be 91.56 a 12.71 a 
248 Propiconazole Twice 47.82 ab 92.43 a 9.93 b 
248 Cupric Hydroxide T wice 39.81 c 90.91 a 11.83 ab 
248 Chlorothalonii Twice 38.63 c 90.33 a 12.51 ab 
248 Mancozcb Once 49.36 a 91.80 a 13.50 a 
248 Propiconazole Once 48.23 ab 90.88 a 11.07 ab 
248 Cupric Hydroxide Once 50.91 a 91.46 a 12.73 a 
248 Chlorothalonii Once 49.46 a 90.90 a 11.74 ab 
248 CGA-245704 Twice 50.36 a 90.85 a 11.32 ab 
248 Non-treated control None 50.50 a 91.73 a 12.88 a 
Note: assessments followed by the same character tor each assessment dale in the same column are not 
significantly different from each other at the P < 0.05 level. 
APPENDIX C. Pl-RCi-;N TAGl- 01- SUNLIGH T RIU-LIK'TliD 1-ROM Al.FAU-A CANOIMl-lS AT llKiiri' WAVliLliNG Til BANDS 1X)R 
TF.N 1-UNGlCIDH I RliA TMliN TS l-'ROM 1995 TO 1998 IN AMl-S AND NASHUA, lA 
Wavt'lfiiKlh hiiiul 
Location Year DOY Fungicide fretiut'ncy 460 510 560 610 MO 710 760 810 
Ames 1905 171 Manci)zob Twice 4.41 a 5.53 a 7.37 a 7.08 b 6.73 b 18.15 a 25 52 a 27 77 a 
171 I'ropicdnazolc Twice 4 .(>4 a 5.75 a 7.55 a 7.39 ab 7 OS ab 14.22 ab 24.53 a 26 57 a 
171 C'lipric llydroxido Iwice 4.50 a 5.57 a 7.30 a 7,07 b 6.75 ah 11.59 b 23.67 a 25.67 a 
171 Chlorollialonil Twice 4.62 a 5.72 a 7.4,S a 7,36 ab 7 10 ab 11.93 h 24.33 a 26.38 a 
171 Manco/cb Once 4.83 a 6.01 a 7.70 a 7,79 a 7 60 a 12.14 ah 23.76 a 25 83 a 
171 I'ropiconazolc Once 4.50 a 5.61 a 7.28 a 7,21 ab 6.91 ab 11.71 h 24.05 a 26.(K) a 
171 C'lipric Hydroxide Once 4.47 a 5.57 a 7.38 a 7,09 ab 6 71 b 13.82 ab 24.35 a 26.36 a 
171 Clildrotliaionil Once 4.()9 a 5.80 a 7.60 a 7,47 ab 7.20 ah 12.10 b 24,42 a 26.54 a 
171 (•CiA-2457(M Twice 4.4f) a 5.55 a 7.37 a 7,18 ab 6.78 ah 11.91 b 24,79 a 26.94 a 
171 Non-lrealed eonirol None 4.49 a 5.(>4 a 7.46 a 7,23 ab 6 88 uh 12.07 h 25,04 a 27.10 a 
178 Maiieozeb Twice 2.86 b 3.93 ab 7,12 b 5,37 b 3.75 a 13.03 b 36.42 ab 39.55 ah 
178 I'riipiconazolc Twice 2.91 ab 3.94 ab 7,03 b 5,38 b 3.89 a 12.71 b 33.74 b 36.33 l)c 
178 Ciipric Hydroxide Twice 2.83 b 3.80 b 6,58 b 5 01 b 3.65 a 12.16 b 33.64 b 36.42 IK 
178 Clilorotlialonii Twice 3.02 ab 4.10 ab 7,19 ab 5,59 ab 4.09 a 12.85 b 34.(Ki ab 36.84 he 
178 Mancozeb Once 3.12 ab 4,17 ab 7.12 b 5,69 ab 4.28 a 12.76 b 32.62 b 35.31 e 
178 I'ropiconazolc Once 2.91 ab 3.89 ab 6,'W b 5,25 b 3.84 a 12.57 b 34.69 ab 37.68 ttlK 
178 Cupric Hydroxide Once 2.87 ab 3.88 b 6,90 b 5,19 b 3.72 a 12.47 b 34.97 ah 36.(H) be 
178 Chlorollialonil Once 3.05 ab 4.12 ab 7,31 ab 5,65 ab 4.07 a 13.(K) h 35.01 ah 37.95 alK 
178 C(iA-245704 Twico 3.37 a 4.55 a 8,10 a 6,29 a 4.51 a 15.04 a 37.81 a 40.79 a 
178 Non-treated control None 2.89 ab 3.91 ab 7,16 b 5,41 ab 3.73 a 12.85 b 35.31 ah 38.22 alK 
185 Mancozeb Twice 2.92 ab 4.24 ab 8,25 ab 6.23 ab 41)3 ab 17.04 a 43 M a 46.76 a 
185 I'ropicona/olc Twice 2.84 abe 4.18 ab 8,18 ah 6.11 ah 3.92 ab 15.28 a 42.62 a 45.55 a 
185 ("iipric Hydroxide Twice 2.70 c 4.()f) b 8,0<) b 5.73 h 3.51 b 22.42 a 43 22 a 46.33 a 
1R5 ('l)loroibalonil Twice 2.97 a 4.37 a 8.41 a 6.32 a 4.18 a 16.78 a 43.08 a 45.97 a 
185 Mancozeb Once 2.92 ab 4.27 ab 8,28 ab 6.31 a 4.14 a 15.41 a 42.39 a 45.20 a 
185 I'ropiconazolc Once 2.75 be 4.(K) b 8,12 b 5.93 ab 3.73 ab 15.(H a 43.37 a 46.33 a 
185 Cupric Hydroxide Once 2.80 abc 4.13 ab 8,20 ab 5.89 ab 3.69 ab 22.04 a 43,83 a 46.90 a 
185 Cliloroilialoiiil Once 2,88 abc 4.21 ab 8,26 ab 6.17 ab 4.()<) a 17.57 a 42,39 a 45.26 a 
185 C(JA-245704 Twice 2,75 be 4.17 ab 8,31 ab ().m ab 3.84 ab 15.08 a 43,17 a 46.13 a 
185 Non-lreatej| control None 2,89 alK 4.17 ab 8,31 ab 6.20 ab 4 ()5 a 20.70 a 42,69 a 45.62 a 
192 Mancozeb Twice 3,29 ab 4.72 ab 8.18 a 7.(K) ab 5 15 ab 15.20 ab 38.57 a 41.79 a 
192 I'ropiconaz.ole Twice 3,44 a 4.85 ab 8.24 a 7.22 ah 5 35 ab 15.12 ab 37.11 ab 40.25 a 
192 Cupric Hydroxide Twice 3.12 b 4.51 b 7.94 a 6.55 h 4.63 h 14.52 b 37.57 ab 40.68 a 
192 Chlorollialonil Twice 3.43 a 4.87 ab 8.23 a 7.26 ab 5.41 ah 15.(K) ah 36,95 ab 39.99 a 
192 Mancozeb Once 3.47 a 4.90 ab 8.24 a 7,31 a 5.51 a 15.10 ah 36.48 b 39.61 a 
•-J 
OJ i/i 
Appliciilion 
l.ocalltin Vt'iir l)()V Fiini'IciiU' fmiiu'ncy 
l')2 I'ropicona/'olc Oncc 
l')2 Cupric llyilroxiili: Once 
l')2 ChlorotlKilonil Once 
l')2 f(lA-2457lW Twice 
l')2 Non-Ireateii control None 
1*)0 Manco/cb Twice 
1')') I'ropiconazole Twice 
199 Ciipricllydroxiile Twice 
199 C'hlorothalonil Twice 
199 Manco/el) Once 
199 I'ropicona/ole Oncc 
199 Cupric llydroxiile Once 
199 Chloroilialonil Once 
199 (•(iA-2457(M Twicc 
199 Non-treated control None 
2(W Manco/.eb Twice 
2(W I'ropicona/ole Twicc 
2()9 Cupric Hydroxide Twicc 
209 Clilorothalonil Twice 
209 Manco/eb Once 
20*) I'ropiconazole Once 
20') Cupric Hydroxide Once 
2W Chloroilialonil Once 
209 CCiA-245704 Twice 
2W Non-lrcatt"tl control None 
229 Mancozeb Twicc 
229 I'ropiconazole Twice 
229 Cupric Hydroxide Twice 
229 C'hlorothalonil Twice 
229 Manco/.eb Oncc 
229 I'ropicoiia/.ole Oi\ce 
229 Cupric Hydroxide Once 
229 C'hlorothalonil Once 
229 CCiA-2457a4 Twice 
229 Non-trcalcd conlrol None 
23() Maneozeb 
236 I'ropiconazolc 
Twice 
Twice 
Wavt'lfnulh hand 
460 510 560 610 660 710 760 810 
3.24 !ib 4.(il iib S.OS ;i 6.82 ab 4 94 all 14.82 ab 38,00 ab 41 26 a 
3.24 ab 4 66 ab 8.16 a 6 91 ab 4 93 ab 1500 ab 37.92 ab 4I 09 a 
3.44 a 4.91 a S 33 a 7.33 a 5 49 a 15.18 ab 36.72 ab 39 76 a 
3.29 ab 4.75 ab S.22 a (i.W ab 506 ab 15.08 ab 37.41 ab 40.52 a 
3.30 ab 4.76 ab 8 29 a 7.19 ab 5 23 ab 15.29 a 37,40 ab 40.61 a 
3.03 ab 4.59 ab 8.48 a 7.0() u 4 91 ab 15.35 a 38.26 a 41.52 ub 
3.03 ab 4.55 ab 8.53 a 6.9() a 4.73 ab 15.31 a 38.45 a 42,39 a 
2.91 b 4.44 b 8.44 a 6.86 a 4.58 b 15.17 a 37.81 a 41.10 ah 
3.17 a 4.71 a 8.46 a 7.23 a 5 16 a 15.19 a 36.65 ab 39,()S abc 
3.14 a 4.71 a 8.36 a 7.12 a 5.18 a 14.72 a 34.85 h 37.66 c 
3.02 ab 4.57 ah 8.53 a 7.05 a 4.82 ab 15.20 a 37.96 a 41.23 ab 
3.02 ab 4.61 ab 8.52 a 7 .05 a 4.89 ab 15 .09 a 36.49 ab 39.65 abc 
3.06 ab 4.60 ab 8.43 a 7.03 a 4.97 ab 14.93 a 36.15 ah 38.43 IK 
3.07 ah 4.60 ah 8.49 a 7.08 a 4.90 ab 15.02 a 36 22 ab 39.29 alK 
2.95 b 4.49 ab 8,45 a 7.(K) u 4 90 ah 15.27 a 36.93 ah 40 25 abc 
2.82 ab 4.(H) ab 8.03 a 5.10 abc 3 08 ab 15.12 a 46.74 a 51.16 a 
2.86 ab 4.(H) ab 7,99 ab 5.03 alK 3.07 ab 15,03 a 46.74 a 51,02 a 
2.80 h 3.94 ab 7,94 abc 5.12 ab 3.12 ab 14,95 ub 45.07 alK 49,12 ah 
2.88 a 4.01 a 7,95 abc 4.93 c 3.0() ab 14,99 ab 46,74 a 50,94 a 
2.83 ab 3.94 ah 7,78 IK- 4,96 IK 3.(K> ab 14.69 ab 44,91 alK 49,05 ah 
2.81 ab 3.97 ah 7.88 abo 5,03 alK 3.(Ki ab 14.98 ab 45,92 ah 50,(K) ah 
2.82 ab 3.98 ab 7.86 abc 5,14 a 3.17 a 14.66 ab 42,76 c 47,04 b 
2.85 ab 3.96 ah 7.89 abc 5,02 alK 3.()(» ab 14.82 ab 45,54 abc 49,72 ah 
2.82 ab 3.93 ah 7.89 ahc 4,99 ahc 3.02 b 14.86 ab 45,56 abc 49,65 ah 
2.80 h 3.90 b 7.74 c 5.04 ahc 3 11 ab 14.51 h 43,07 IK 46,93 b 
2,89 a 4.13 ab 8.50 alK 4.95 b 2.97 b 15.25 ab 49.29 a 52,93 a 
2.86 a 4.10 ab 8.40 alK 4.93 b 2.99 ah 15.09 h 47.98 ah 51,43 ab 
3.00 u 4.26 ab 8.69 tth 5.13 ab 3.(W ab 15.39 ab 47.83 ah 50,9(1 ab 
2.90 a 4.13 ab 8.44 alx; 4.96 h 3.(X) ab 15.05 b 47.60 ah 51,01 ab 
2.86 a 4.08 b 8.31 IK 4.90 b 2.95 h 14.88 h 47.42 ah 50,91 ah 
2.91 a 4.16 ab 8.54 abc 5.(U ab 3.02 ab 15.11 b 47.28 ab 50,43 ah 
3 .07 a 4.31 a 8.78 a 5.30 a 3.25 a 16.30 a 47.34 ab 50,15 ab 
2.92 a 4.14 ah 8.40 alK 4.94 b 3.(M) ah I5.0() h 47.53 ah 50 80 ah 
2.92 a 4.15 ah 8.43 abc 4.99 ab 3 (>4 ah 14.95 h 46.23 h 49,29 h 
2.85 a 4.08 b 8.26 c 5.(K) ab 3.09 ah 14,41 h 43.51 c 46,32 c 
2.54 d 3.48 alK 7.27 ab 4.17 abc 2.55 ah 15.01 a 55.95 a 62,23 u 
2.53 dc 3.41 c 7.(K) c 4.10 c 2.50 h 14,68 h 53.85 IK 59,84 iKd 
nov 
23(. 
236 
23() 
23() 
236 
236 
236 
236 
243 
243 
243 
243 
243 
243 
243 
243 
243 
243 
251 
251 
251 
251 
251 
251 
251 
251 
251 
251 
121 
121 
121 
A|)|)llcali(in WavfU'iiKlh hand 
Kuntiicide frcquvncy 460 510 560 610 660 710 760 
Cupric Hydroxide Twice 2 53 de 3,49 ah 7.37 a 4 24 a 2 52 ab 15.14 a 54 32 abc 
Clilorollinloiiil Twicc 2,54 d 3,47 abc 7.22 ab 4,19 ab 2 51 ab 14 95 ab 54.52 abc 
Maiicozcb Once 2,55 l)d 3,46 abc 7.20 be 4 ,17 be 2,53 ah 14.96 ab 54.91 ab 
I'ropiconazole Once 2 5') a 3,48 abc 7.25 ab 4,17 abc 2 57 a 14 98 ab 55.13 ab 
Cupric Hydroxide Once 2.49 c 3.43 be 7.24 ab 4,19 ab 2 52 ah 14.83 ab 53.03 c 
Chlorolhalonil Once 2.58 ab 3.51 a 7.33 ah 4,24 ab 2,54 ab 15 10 a 54.74 ab 
C(iA-245704 Twicc 2.5<) ab 3.52 a 7.34 ab 4,24 a 254 ah 15.0S a 53 94 be 
Non-lrc"alcil conlrol None 2.56 alnl 3.50 ab 7.34 ab 4,23 ab 2,57 a 14.95 ah 52.94 c 
Manco/.cb Twicc 2.63 a 3.50 a 7.02 a 3,99 a 2 50 a 13 .94 a 56.77 a 
I'ropiconazolc Twice 2.57 a 3.42 a 6.83 a 3,91 a 2,45 a 13.51 a 54.12 ab 
Cupric 1 lydroxidc Twice 2.58 a 3.44 a 6.96 a 3,93 a 2,46 a 13.61 a 54.01 ab 
Clilovotlialonil Twice 2.59 u 3.45 a 6.93 a 3,94 a 2,45 a 13.74 a 55.29 ab 
Manco/ol) Once 2.57 a 3.41 a 6.84 a 3.86 a 2 43 a 13.55 a 55.15 ab 
i'ropiconazolc Once 2.56 a 3.40 a 6.81 a 3.K7 a 243 a 13.17 a 53.53 ab 
Cupric Hydroxide Once 2.57 a 3.44 a 6.92 a 3.92 a 2 44 a 13.61 a 53.62 ah 
Chlorollialonil Oncc 2.M a 3.56 a 7.11 a 4.07 a 2,51 a 14.23 a 56,72 a 
C(iA-2457(M Twicc 2.63 a 3.53 a 7.08 a 4.04 a 2,51 a 14,11 a 55,11 ab 
Non-treatal control None 2.55 a 3.40 a 6.84 a 3.88 a 2,44 a 13,34 a 52.19 b 
Mancozcb Twice 2.59 a 3.46 a 6.03 a 4.03 a 2,65 a 13,68 b 49,16 a 
I'ropiconazolc Twice 2,52 abtl 3.35 ah 6,03 a 3.85 ah 2,55 a 13,24 b 47.60 u 
Cupric 1 lydroxidc Twice 2.45 d 3.29 b 5.93 a 3.89 ah 2,54 a 12,72 b 43,86 b 
Chlorolhalonil Twice 2,56 ab 3.39 ab 5.93 a 3.92 ah 2.57 a 13,79 ah 48,71 a 
Mancozeh Oncc 2.49 abd 3.31 ab 6,05 a 3.86 ab 2.51 a 16,15 a 47,53 a 
I'ropiconazolc Once 2.51 alxl 3.37 ab 6,07 a 3.92 ab 2 57 a 13.27 b 46.57 ab 
Cupric Hydroxide Once 2.43 d 3.27 b 5,87 a 3.83 ab 2.53 a 12.91 b 43.81 b 
Chlorolhalonil Oncc 2.53 ab 3.39 ab 6,13 a 3.93 ab 2.59 a 13.59 b 48.60 a 
CCiA-245704 Twice 2,47 btl 3.33 ab 5,97 a 3.89 ah 2.57 a 12.93 h 43.29 b 
Non-lrcaicd conlrol None 2.42 d 3.25 b 5,87 a 3.81 b 249 a 12 57 h 43.41 b 
Mancozcb Twice 2,77 a 3,76 a 6,44 a 4.53 a 3.45 a 13.()4 ab 33.33 a 
I'ropiconazolc Twice 2.79 a 3.79 a 6,42 a 4.55 a 3.47 a 13.66 ab 33.10 a 
Cupric Hydroxide Twice 2,93 a 3,93 a 6,53 a 4.77 a 3.77 a 13.56 ab 32.20 a 
Chlorolhalonil Twice 2.83 a 3,82 a 6,46 a 4.59 a 3.52 a 13.66 ab 32.83 a 
Mancozcb Once 2,83 a 3,82 a 6,42 a 4.62 a 3.57 a 13.51 ab 32.25 a 
I'ropiconazolc Once 2,92 a 3,92 a 6,48 a 4,72 a 3.70 a 13.48 b 31.79 a 
Cupric Hydroxide Oncc 2,82 a 3.83 a 6,46 a 4,62 a 3.57 a 13.68 ab 32.67 a 
Chlorolhalonil Once 2,90 a 3.90 a 6,53 a 4,69 a 3.66 a 13.74 a 32.84 a 
CCiA-2457(M Twicc 2,89 a 3.87 a 6,50 a 4,69 a 3.66 a 13.60 ab 32.47 a 
Non-trealcd conlrol None 2,95 a 3.96 a 6,50 a 4,76 a 3.77 a 13.59 ah 32.01 a 
l)OY 
127 
127 
127 
127 
127 
127 
127 
127 
127 
127 
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134 
134 
134 
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134 
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134 
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141 
141 
141 
141 
141 
14) 
141 
)41 
141 
141 
Application \VavfU'n|;tli liand 
Kiin);icl<li' freiiufncy 460 510 560 610 660 710 
Mat\c(i/cb Tvvicc 2 31 c 3,02 f 7 .15 be 4,13 d 2.37 d 16 00 ab 
I'ropicima/olc Twicc 2 51 ab 3.22 be 7.42 a 4 39 b 2 6l alK 16 (10 ab 
Cupric Hydroxide Twice 2 3fi Ik 3,09 cT 7.05 c 4,17 cd 2,51 bed 15,51 b 
Clilorollialoiiil Twice 2.4t) be 3,18 cd 7.30 ab 4,19 cd 2,43 cil 16,19 a 
Mancozcb Once 2 .44 alK 3 13 de 7.28 abc 4,25 c 2,43 cd 15,94 ab 
I'ropicoua/olc Once 2.56 a 3.26 ab 7.34 ab 4,45 ab 2,69 ab 15,66 ab 
Cupric llydnixidc Once 2.33 c 3.()S cT 7.15 IK 4,14 d 2,37 d 15,79 ab 
Chlorothaloiill Once 2.3S IK 3,10 dc 7.24 alK 4,16 cd 2,37 d 15.96 ab 
CCIA-2457()4 Twice 2.57 a 3,30 a 7.4K a 4,50 a 2,68 ab 16 10 ab 
Noii-trcalol control None 2.5fi a 3,27 ab 7.33 ab 4,45 ab 2.79 a 15.69 ab 
Manco/cb Twice 2 17 cd 2,86 cdeT 6.90 ab 3.95 cd 2.18 de 16.27 a 
I'ropiconazolc Twice 2.2K alK 2.93 abed 6.75 alK 4.05 abc 2.35 bed 15.43 be 
Cupric Hydroxide Twicc 2.If) cd 2.78 ef 6.61 c 3.88 cd 2.21 de 15.36 e 
Chlorotlmlonil Twice 2.17 cd 2.83 def 6.93 ab 3.84 d 2 m c 16.44 a 
Manco/cb Once 2.20 bed 2.92 k-de 6.95 a 3.98 bed 2.24 cde I6.(M a 
l'fopicot\a/.olc Oncc 2.33 «\> 2.')K alK (v7K abc 4.14 ab 2.43 abc 15.2K c 
Cupric Hydroxide Once 2 .(Ki d 2.74 T 6.72 IK 3.87 cd 2,22 dc 15.97 ab 
Clilorothalonil Once 2.12 d 2.75 f 6.76 alK 3.82 d 2.09 e 16.15 a 
C(iA-2457(M Twice 2.39 a 3.07 a 6.87 ab 4.15 ab 2.49 ab 15.44 be 
Non-ircaiiil control None 2.32 ab 3.02 ab 6.82 alK 4.23 a 2.62 a 15.10 e 
Maiicozcb Twice 2.69 ab 3.65 ab 8.29 IK 4.43 ab 2.43 ab 17.71 c 
I'ropicona/olc Twice 2.61 ab 3.38 bed 7.93 c 4.27 b 2.37 b 17.(M d 
Cupric Hydroxide Twice 2.61 b 3.27 d K.26 be 4.44 ab 2.44 ab 17.75 c 
Chlorolhalonil Twice 2,73 a 3.69 a 8.38 ab 4.36 b 2.45 ab 18.10 ab 
Mancozcb Once 2.66 ab 3.51 alKd 8.31 abc 4 49 ab 2.43 ab 17.57 c 
I'ropicona/olu Once 2,63 ab 3.38 bed 8.28 be 4.48 ab 2.42 ab 17.11 d 
Cupric Hydroxide Once 2,63 ab 3.61 alK 8.44 a 4.36 b 2.42 ab 17.84 Ik 
Chlorotlialoiiil Once 2,6S ab 3.49 abed 8.46 a 4.61 a 2.52 a 18.29 tt 
C(iA-2457(>4 Twice 2.62 ab 3.40 bed 8,19 cd 4.51 ab 2.47 ah 17.01 d 
Non-trcatetl control None 2.59 b 3.37 cd 8.09 d 4.41 ab 2.38 b 16.89 d 
Maticozcb Twice 2.26 a 3.36 u 7.14 ab 3.91 ab 2.23 ab 17.04 ab 
I'ropicona/olc Twice 2.21 a 3.22 be 6.89 d 3.76 d 2.12 c 16.55 c 
Cupric Hydroxide Twice 2.21 a 3.30 alK 7.04 alKd 3.82 bed 2.14 c 16.94 abi 
Chlorotlialonil Twice 2.26 a 3.39 a 7.13 ab 3.82 abed 2.15 e 17.20 a 
Mancozeb Once 2.27 a 3.37 a 7.18 a 3.93 a 2.27 a 17.03 ab 
I'ropicona/olc Once 2.24 a 3.33 ab 7.05 abed 3.85 alKd 2.11 e 16.76 Ik 
Cupric Hydroxide Once 2.24 a 3.37 a 7.19 a 3.89 alK 2.12 c 17.12 ab 
noY 
14') 
149 
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1()2 
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177 
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Funi;lcUle 
Ap|tlication 
frt'i|iu'ncy 
WilVfU'nKlli I'iinil 
460 510 560 610 660 710 
Chlorotlialonil 
(•(iA-245704 
Noii-lreatcil comrol 
OncL' 
Twicc 
None 
2 2(1 a 
2 20 a 
2 19 a 
.V.11 alic 
.V2S abc 
3 ,20 c 
7.11 abc 
6.99 bed 
6.95 cd 
3 S5 abed 
3.79 ai 
3.S2 abed 
2 15 be 
2.12 e 
2.l2e 
17.09 ab 
16.71 be 
16,5() e 
Manco/cb Twice 
I'ropiconazolc Iwicc 
Ciipric Hydroxide Twice 
('hlorotlialoiiil Twice 
Manco/cb Once 
I'ropiconazolc Once 
Ciipric llydroxicle Once 
Clilorolhaloiiil Oneo 
('OA-2457()4 Twice 
Non-Uoatc*l comrol None 
l .')9 a 2.89 a 6.18 ab 
1.96 a 2.77 c 5.99 d 
1.97 a 2.78 be 6.0() cd 
l .')4 a 2.86 al)c 6.22 a 
1.98 a 2.88 ab 6.16 abe 
2.(H) a 2.84 alK- 6.18 ab 
1.95 a 2.85 alK- 6.11 abed 
1.95 a 2.88 ab 6.15 abc 
1.93 a 2.91 a 6.17 alK 
1.95 a 2.85 atic 6.07 bed 
3.27 b 1.95 a 15.63 ab 
3.22 b 1.83 b 15.14 c 
3.29 b 1.86 ab 15.34 IK-
3.29 b 1.93 a 15.72 a 
3.31 ah 1.91 ab 15.48 ab 
3.30 ab 1.91 ab 15.43 alK 
3.32 ah 1.93 ab 15,44 abe 
3.31 ab 1.94 u 15.58 ab 
3.40 a 1.91 ub 15.38 be 
3.29 b 1.92 ab 15.15 c 
Maneozcb Twice 1.84 ab 2.63 a 5.63 a 2.94 ab 1.71 a 14.15 a 
I'ropiconazolc Twice 1.84 ab 2.61 a 5.46 be 2.94 ab 1.63 lie 13.56 dc 
Ciipric Hydroxide Twice 1.81 ab 2.59 a 5,49 lie 2.96 ab 1.60 e 13.81 iKd 
Chlorotlialonil Twice 1,80 ab 2.58 a 5.52 ube 2.92 ab 1.66 ttlK 14.(H ab 
Maneozcb Once 1.79 b 2.60 a 5.57 ab 2.93 ab 1.71 ub 13.'J2 abe 
I'ropiconazolc Once 1.84 ab 2.59 a 5.46 be 2.92 ab 1.66 UIK 13.72 ede 
Cuprie Hydroxide Once 1.77 b 2.57 a 5.58 ab 2.98 ab 1 .M ut)c 13.86 abed 
Chlorotlialonil Once 1.89 a 2.58 a 5.54 abc 2.98 ab 1.63 be 13.92 al)c 
CCiA-2457()4 Twice 1.79 ab 2.57 a 5.54 abe 3.00 a 1.67 alK 13.60 de 
Non-treated control None 1.75 b 2.55 a 5.44 c 2.89 b 1.65 alK- 13.43 e 
Maneozcb Twice 3.34 c 4,77 e 6,21 c 6.29 e 6.40 e 11.56 b 
I'ropieonazole Twice 3.53 alx: 5.01 alK 6.48 abe 6.66 alx: 6.85 alK- 12.15 a 
Cuprie Hydroxide Twice 3.45 be 4.86 be 6.36 be 6.42 be 6.56 be 12.04 ab 
Chlorothalonil Twice 3.6H ab 5.18 ab 6.63 ab 7 IH) a 7.40 ab 12.47 a 
Maneozcb Once 3.76 a 5.26 a 6.47 abe 6,99 ab 7.56 a 12.10 ab 
I'ropiconazolc Once 3.59 alK- 4.95 abe 6.68 a 6.65 abc 6.66 be 12.47 u 
Cuprie Hydroxide Once 3.53 abe 4.97 al)e 6.43 abe 6,61 abe 6.81 ube 12.09 ab 
Chlorothalonil Once 3.59 abc 5.04 abe 6.34 be 6,85 alK 7.24 alie 11.93 ab 
C(iA-245704 Twice 3.56 abe 4.99 abe 6.44 abe 6,67 abe 6.K7 alic 12.03 ab 
Non-tri-ated control None 3.56 abe 5.(H) abe 6.63 ab 6.59 alK 6.70 UIK 12.34 a 
Maneozcb I'wice 
I'ropiconazolc Twice 
C'lipric Hydroxide Twice 
Chlorotlialonil Twice 
3.25 akd 4.36 k- 6.95 b 
3.31 alKd 4.54 alK 7.12 ab 
3.19 cd 4.39 abc 7.01 ab 
3.54 ab 4.83 a 7.22 a 
5.57 al)c 4.86 ttb 13.40 a 
5.70 alK 5.10 ub 13.80 a 
5.43 be 4.71 ab 13.72 a 
6.28 a 5.97 a 13.77 a 
Applicalion 
I.Dcalion Yt-ar OOV FunKicide fniiufncy 
I S3 Miiiico/cb Onco 
183 I'mpiama/olc Onco 
183 Cupric Hydroxide Once 
183 Chlorotlialonil Once 
183 C(iA-2457(M Twice 
183 Non-lreaietl control None 
I'X) Mancozeh Twice 
!*){) I'mpieonazole Twice 
I'X) Cupric Hydroxide Twice 
I TO Chlorotlialonil Twice 
ITO Mancozeb Once 
1*)0 I'ropicona/ole Once 
ITO Cupric llyilroxidc Once 
19() Chloroilialonil Once 
ITO CGA-2457()4 Twice 
ITO Non-trcaled control None 
197 Mancozeb Twice 
197 I'ropicona/.ole Twice 
197 Cupric Hydroxide Twice 
197 Chlorotlialonil Twice 
197 Mancozeb Once 
197 I'ropiconazole Once 
197 Cupric Hydroxide Once 
197 Chlorothalonil Once 
197 CCiA-2457()4 Twice 
197 Non-lreatctl control Notie 
201 Mancozeb Twice 
201 I'ropiconazole Twice 
201 Cupric Hydroxide Twice 
201 Chlorotlialonil Twice 
201 Mancozeb Once 
201 I'ropiconazole Once 
201 Cupric Hydroxide Once 
201 Chlorothalonil Once 
201 C(iA-245704 Twice 
201 Non-treated control None 
2 1 1  Mancozeb Twice 
Wavt'lfntilh hand 
400 510 560 blO 660 710 760 810 
3 58 a 4.82 ab 7.22 a 0 23 ab 5 94 a 13 06 a 26 44 b 28,03 b 
3.09 (1 4 29 c 705 ab 5 29 c 4.34 b 13.78 a 30 53 a 32.26 a 
3 20 abcil 4.40 abc 7.05 ab 5.70 abc 5.09 ab 13.02 a 2809 ab 29.63 ab 
3 47 abc 4.09 abc 7.10 ab 0 17 ab 5.87 a 13.70 a 27.46 ab 29.09 ab 
3.30 abed 4.01 alK 7.12 ab 5.94 abc 5.43 ab 13 05 a 2804 ab 29.64 ab 
3.21 iKd 4.38 alK- 7.10 ab 5.53 abc 4.77 ab 13.79 a 29,75 ab 31.40 ab 
2 51 ab 3.43 b 
2.52 ab 3.43 ab 
2.41 b 3.44 ab 
2.49 ab 3.40 ab 
2.60 a 3.01 a 
2.43 b 3.35 b 
2.43 b 3.47 ab 
2.5() ab 3.52 ab 
2.52 ab 3.40 ab 
2.41 b 3.37 b 
0.31 e 3.89 abc 
ft.28 c 3.80 abc 
6.34 be 3.75 be 
0.39 abe 3 84 abc 
0.50 a 4.03 a 
0.20 c 3.05 c 
0.40 abc 3.85 abc 
0.50 ab 3.9K ab 
0.32 c 3.80 abc 
0.38 be 3.82 alK 
2 50 ab 13 98 b 
2.51 lib 14.22 ah 
2.43 ab 14.(W ab 
2.57 ab 14.33 a 
2.09 a 14.30 a 
2.20 b 14.08 ab 
2.54 ab 14.18 ab 
2.00 a 14.30 a 
2.52 ab 14.08 ab 
2.42 ab 14.14 ab 
40.73 a 42 73 a 
42.05 a 44.28 a 
41.98 a 44.20 a 
42.55 a 44.82 a 
41.41 a 43.05 a 
43.29 a 45.54 a 
41.25 a 43.37 a 
41.72 a 43.80 a 
40.92 a 43.01 a 
41.85 u 44.03 a 
2.19 a 3.13 a 5.87 a 3.40 a 2.22 a 13 92 ah 45.39 a 48,(K) a 
2.24 a 3.13 a 5.84 a 3.40 a 2.22 a 13.98 ab 45.90 a 48.48 a 
2.10 a 3 .04 a 5.82 a 3.38 a 2.03 u 13.88 b 45.81 a 48.38 a 
2.22 a 3,14 a 5.87 a 3.40 a 2.10 a 13.99 ab 40.51 a 49.30 a 
2.20 a 3.13 a 0.00 a 3.50 a 2.23 u 14.07 ab 45,56 a 48.14 a 
2.17 a 3.05 a 5.81 u 3.35 a 201 u 14.01 ab 47,37 u 50.00 a 
2.17 a 3.05 a 5,83 a 3 41 a 2.10 a 13.87 b 45,()(> a 47.62 a 
2.18 a 3.08 a 5.95 a 3.46 a 2.16 a 14.(Ki ab 46,14 a 48.71 a 
2.22 a 3.10 a 5.92 a 3.52 a 2.17 a 13.99 ab 45.09 a 47.66 a 
2,15 a 3.05 a 5.94 a 3.43 a 2.05 u 14.17 a 46,21 a 48.76 a 
2.43 a 3.33 a 6.65 a 3.78 a 2.22 a 15.69 a 52.20 a 54.73 a 
2.40 ab 3.37 a 6.49 a 3.74 a 2.28 a 15,39 a 51.63 a 54,(K> a 
2.34 abe 3.31 a 6.48 a 3.M a 2.13 a 15.49 a 51.86 a 54.22 a 
2.33 l)c 3.25 a 6.39 a 3 .()4 a 2.14 a 15.31 a 51.53 a 54.05 a 
2.37 alK 3.29 a 0.03 a 3.78 a 2.24 a 15.54 a 50.93 a 53.29 a 
2.39 ab 3.28 a 0.50 a 3 .62 a 2.16 a 15.57 a 52.93 a 55.56 a 
2.37 alK 3.25 a 6.39 a 3.73 a 2.12 a 15.33 a 51.(H a 53.31 a 
2.39 abc 3.25 a 6.46 a a 2.22 u 15.48 a 51.93 a 54.61 a 
2.29 c 3.28 a 6.49 a 3.79 a 2.11 a 15.43 a 50.81 a 53.0() a 
2.36 alK 3.20 a 6.58 a 3.65 u 2.11 a 15.55 a 51.16 a 53.66 a 
3.97 ab 5.47 abc 7.77 be 7.08 alKd 0.80 ab 13.70 b 23.00 a 24.25 a 
DOV 
21) 
211 
211 
211 
2 1 1  
2 1 1  
211 
2 1 1  
2 1 1  
2IS 
218 
218 
218 
218 
218 
218 
218 
218 
218 
225 
225 
225 
225 
225 
225 
225 
225 
225 
225 
233 
233 
233 
233 
233 
233 
233 
233 
233 
Applicalidii Wavt'lt'iiKlh Inind 
KunKici<ti> fri'iiiicncy 4(i0 510 560 610 660 710 
I'ropicoiKizolo Twice 3 Vl be 5.48 abc 7.88 abc 7 .13 abc 6')() nb 13 ')2 ab 
Cupric llydnixiilc Twice 3 78 c 5.22 c 7.(.7 c 6 71 d 6 27 c 13.50 b 
Clilorolhulonil Twice 4.(12 ab 5.()2 ab 8.2() a 7.2') ab 6.«)4 a 14.51 a 
Mancozeb Once 3.')') all 5 57 ab 8 ()7 abc 7 .1') abc (i.')l ab 14.16 ab 
I'ropiconazole Once 3 85 be 5.34 be 7.')2 abc 6.84 cd 6.42 IK 13.')() ab 
Cupric Hydroxide Once 3.87 be 5.32 be 7.74 c 6 ')3 iKil 6.63 UIH; 13 63 b 
Clilorotlmloiiil Once 4.14 a 5.(>4 a 8 .16 ab 7.35 a 7.()2 11 14.26 ab 
C(iA-2457(W Twice 3.85 be 5.44 alK- 7,88 alK- 6.')') alKil 6 62 «l>e 13.8') ab 
Non-lreateil control None 3.88 \k 5.3') alK 7.77 be 6.')1 iKd 6.71 alK 13.65 b 
Mancozeb Twice 2.80 a 4.08 ab 7.6') a 4.60 a 2.86 lib 15.37 ab 
I'ropiconazole Twice 2.65 be 3.')4 de 7.57 a 4,42 cd 2.67 cd 15.34 ab 
Cupric Hydroxide Iwice 2.72 ab 3,')3 do 7.M a 4.35 cd 2.63 cd 15.46 ab 
Chlorotlialonil Twice 2,80 a 3.')') cd 7.68 a 4 46 be 2,71 IK 15.61 ab 
Mancozeb Once 2,78 a 4,10 a 7.66 u 4,56 ab 2.88 u 15.44 ab 
I'ropiconazole Once 2,62 e 3,85 e 7.66 a 4,30 d 2.53 d 15.81 a 
Cupric Hydroxide Onco 2.75 a 4,04 abc 7.63 a 4 47 alK- 2.71 IK 15.37 ab 
Chlorothalonil Once 2.7<) a 4.(H) bed 7.54 a 4,48 alK 2.84 lib 15 .1') b 
C(iA-245704 Twice 2.58 c 3.85 e 7.52 u 4 ,2') d 2.5') cd 15.37 ab 
Non-treatal control None 2 .M be 3.')2 de 7.5') a 4.37 cd 2 65 cd 15,48 ab 
Mancozeb Twice 2.42 a 3.46 a 7,23 a 3,')5 ab 2.14 b 16,28 a 
I'ropiconazole Twice 2.3') u 3.25 b 7,05 a 3,83 b 2.10 b 16.(Ki a 
Cupric Hydroxide Twice 2.36 a 3.36 ab 7,18 a 3,')7 a 2.13 b 16,26 a 
Chlorothalonil Twice 2.3') a 3.47 a 7,22 a 3,')5 ab 2.14 b 16.32 a 
Mancozeb Once 2.37 a 3.52 a 7,21 a 3,')8 a 2.22 u 16.15 a 
I'ropiconazole Once 2.3') a 3.40 ab 7,05 a 3,83 b 2.11 h 16.16 a 
Cupric Hydroxide Once 2.34 a 3.41 ab 7,18 a 3,86 ab 2.10 b 16,08 a 
Chlorothalonil Once 2.42 a 3,48 a 7,14 a 3,84 b 2,13 b 16,12 a 
C(iA-2457(M Twice 2,35 a 3,50 a 7.24 a 3,8') ab 2,0') b 16,35 a 
Non-treated control None 2,38 a 3,51 a 7,1') a 3 .98 a 2,0') b 16,25 a 
Mancozeb Twice 2,5') a 3.68 ab 7,66 a 4,12 a 2.2') a 17.03 ab 
I'ropiconazole Twice 2.38 b 3.54 cd 7,35 cd 3 ,')4 be 2 16 b 16.75 abc 
Cupric Hydroxide Twice 2.44 b 3.57 be 7,47 bed 4 ,(K) IK 2.20 ab 16.73 be 
Chlorothalonil Twice 2.60 a 3,72 a 7.57 ab 4.16 a 2.2') a 17.03 ab 
Mancozeb Once 2,42 b 3,60 be 7.53 alK 4.01 IK 2.22 ab 17.04 a 
I'ropiconazole Once 2,41 b 3,56 cd 7.43 bed 3.')4 be 2.18 b 16.83 abc 
Cupric Hydroxide Once 2,35 b 3,54 ed 7.4() iKd 3.')3 be 2.17 b 16.87 abc 
Chloroilialonil Once 2,34 b 3,44 d 7,34 d 3.')4 IK 2.17 b 16.74 abe 
C(iA-2457()4 Twice 2.40 b 3,48 ed 7,31 d 3.')2 e 2.18 b 16.66 e 
I)0\' 
m 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
247 
247 
247 
247 
247 
247 
247 
247 
247 
247 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
132 
132 
132 
132 
132 
132 
AppliciUidii Wavt'UiiKlli hand 
Fun);iridf fri'(|iifncy 460 SjO 560 6|0 660 710 
Non-lrcalixl control None 2 3(> h 3.5K Ik 7.43 bed 4.02 b 2.1') b 1().S7 abc 
Manco/ch Twice 
I'ropicona/olc Twice 
Ciipric llydro.xide Twice 
ChloroihalDnil Twice 
Manco/.eb Onco 
I'ropiconazole Once 
Ciipric Hydroxide Once 
Chlorotlialontl Onco 
C(iA-245704 Twice 
Non-lreateil control None 
2 13 a 3.0(1 ahc ().0() ah 
2.(IS ah 2.')5 cd 5.74 d 
2.15 a 2.97 kd 6.01 ahc 
2.1() a 3.13 a () .1S a 
2.13 a 3.OS alK (>.(K> ab 
2.15 a 2.<)K iKil 5.05 IK 
2.(W ah 2.W iKd 5.04 bed 
2.02 h 2.')(» cd 5.S3 cd 
2.10 ah 3.(W ah ().03 alK 
2.13 a 2.<)l d 5.87 iKd 
3.2(1 ab 1 05 ab 14.70 ab 
3.05 d 1.0() ab 14 3K b 
3.20 ahc 1.03 ah 14.60 h 
3.20 a 1.03 lib 15.26 a 
3.25 ab 1.0(1 «b 14.R7 ab 
3.10 cd 1.80 b 14.61 h 
3.10 alKd 1.04 ab 14.50 b 
3.14 bed I . SO b 14.43 b 
3.2K ah 2.01 a 14 86 ab 
3.15 alKd 1.88 b 14.36 b 
Manco/.eb Twice 2.24 ab 2.08 ab 6.08 abc 3.28 ab 1.03 a 14 S3 atK 
I'ropiconaAile Twice 2.22 ab 2.07 ab 5.04 be 3 24 ah 1.08 a I4.(i2 c 
Cupric Hydroxide Twice 2.23 ab 3.02 a 6.05 abc 3 32 ab 2.(Ki a 14.73 alK 
Chkiroihalonil Twicc 2.10 ah 3.01 a 6.10 ah 3.27 ah 1.00 a 15.05 a 
Mancozeh Once 2.27 a 2 06 ah (1.14 a 3.36 a 2.01 a 14.00 ah 
I'ropiconazole Once 2.17 ab 2.97 ab 6.04 abe 3 23 ab 2.(K) a 14.70 abc 
Ciipric Hydroxide Once 2.13 h 2.9S ab 6.05 abc 3.10 b 2.01 a 14.77 abc 
Cblorotlialonil Once 2.20 ab 2.07 ab 6.03 alK 3.20 ab 1.05 a 14.70 be 
CGA-2457()4 Twice 2.15 ah 2.85 c 5.08 alK 3.27 ab 1.07 a 14.(i7 e 
Non-lreatcd conlrol None 2.20 ah 2.00 be 5.02 c 3.23 ah 2.01 a 14.65 c 
Mancozeh Twice 2.50 ah 3.50 a 6.10 ab 4.01 ah 3.01 abe 11.83 a 
I'ropieonazolc Twice 2 55 ab 3.50 abc 5.09 be 4.79 abed 3.70 alK 11.68 ab 
Cupric Hydroxide Twice 2,45 he 3.41 IK 5.01 c 4.()4 bed 3.60 bed 11.62 ab 
Cliloroihalonil Twice 2.62 a 3.62 a 6.17 a 4.06 a 3.93 ab 11.08 a 
Mancozeh Once 2.67 a 3.67 a 6.14 ah 5.04 a 4.m a 11.85 a 
I'ropiconazole Once 2.46 be 3.40 IK 5,87 c 4.62 cd 3.50 bed 11.22 h 
Cupric 1 lydroxide Once 2.55 ab 3,53 ab 6.03 abe 4.83 abed 3.81 abc 11.80 a 
Clilorotlialonil Once 2.57 ab 3.56 ab 6.13 ab 4.85 alK 3.80 abc 12.(K) a 
C(iA-245704 Twice 2.37 c 3.35 c 5.88 c 4.57 d 3.43 d 11.68 ah 
Non-treaied control None 2.46 be 3.38 be 5.01 c 4.62 e<l 3.56 cd 11.65 ab 
Manco/eb Twice 2.02 alK 2.84 b 5.02 abc 4.07 alK 2,70 ab 12.88 a 
I'ropiconazolc Twice 2.10 a 2.09 a 5.03 atK 4.17 ab 2,81 a 12.01 a 
Cupric Hydroxide Twice 1.05 e 2.84 b 5.80 e 3.97 c 2.50 ah 12.76 a 
C'hiorothalonil Twice 1,07 IK 2.88 ab 5.02 abc 4.(H) be 2.58 b 13.00 a 
Mancozeh Once 2.0(1 ab 2.00 a 6.(X) a 4.16 ab 2.80 ab 13.00 a 
I'ropiconazole Once 2.04 abc 2.03 ab 5.87 alK 4.08 alK 2.72 ab 12.70 a 
DOV 
132 
132 
132 
132 
13') 
13') 
13') 
13*) 
13') 
13") 
130 
130 
130 
13') 
147 
147 
147 
147 
147 
147 
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147 
147 
153 
153 
153 
153 
153 
153 
153 
153 
153 
153 
Appllcaliiin Wiivi'lfiii'lli l)an(l 
FimKicidr fri'qiii'ncy 4(>0 SIO 560 610 660 710 760 
C'upric lly(lm\iilc Once 2.01 abc 2.85 h 5,8') abc 4.OS abc 2 (lO lib 12.')2 a 32,35 abc 
('hlori)ihaloiiil Once l .'W c 2.83 h 5 85 he 3.07 c 2 60 ah I2,')5 a 33.34 ab 
{•(iA-2457(H Twice 2 (K> ah 2.')8 a 6.()() ab 4.16 ab 2 73 ah I3.0S a 32.52 abc 
Non-lroaleil control None 2,0S a 2.01 ab 5.')8 ab 4.IS a 2 7K iih 13 ()l a 32.11 IK 
Mancozch Twice 1.70 a 2.44 ab 5.35 ab 3.28 ab 1,88 ah 13.04 ab 41.18 ab 
I'ropicoiiazolc Twice 1.71 a 2.47 a 5,28 ah 3.32 ab 1,03 ah 12.75 b 30.31 b 
Ciipric llydroxiito Twice 1 .(>0 ah 2.44 ab 5.27 ab 3.20 ah 1,88 ab 12.70 h 30.44 h 
('lilorolhaloiiil Twice 1.70 a 2.46 a 5,40 a 3,31 ab 1,87 b 13.25 a 42.36 a 
Mancozch Oncc 1.71 a 2.46 a 5,33 ab 3,35 a 1,07 a 12.06 ah 40.41 ab 
I'ropiconazolc Once 1.70 a 2.47 a 5,37 ab 3,34 a 1.02 ah 12.83 b 30.53 b 
Ciipric Hydroxide Oncc 1,()7 ah 2,43 ab 5.31 ah 3 33 ttb 1.02 ah 12.70 b 30.27 b 
Chlorothalonil Once 1.63 h 2.30 b 5.26 b 3,23 h 1.85 h 12,83 h 40.86 ab 
(•(lA-2457()4 Twice 1.68 ah 2,45 a 5.35 ab 3,34 a 1 .'X) ab I2,')0 ah 30.00 ah 
Non-»rcalcil con\ml None 1.60 ab 2.44 ab 5.34 ab 3,35 a 1.03 ab 12,K7 ab 30.()2 b 
Mancozch Twice 1.75 ab 2.50 ab 5.80 a 3,30 a 1.82 a 14 ,05 a 48.30 ab 
Propiconazolo Twice 1.78 ab 2.63 a 6.03 a 3,46 a 1.85 a 14,20 a 47.')0 ah 
Ciipric Hydroxide Twice 1.72 b 2.56 ab 5.')4 a 3,3') a 1.70 a 14.04 a 46.70 b 
Chlorothalonil Twice 1.77 ab 2.50 ab 5,08 a 3,40 a 1.83 a 14.28 a 4').23 a 
Mancozch Once 1.80 a 2.60 ab 5,80 a 3,30 a 1.86 a I4,(X) a 48.03 ab 
I'ropicoiiazole Oncc 1.77 ab 2.63 a 6,(W a 3,40 a 1.84 a 14.31 a 47.60 ab 
Ciipric Hydroxide Once 1.73 h 2,58 ab 6,(X) a 3,43 a 1,70 a 14,11 a 46,70 h 
Chlorothalonil Once 1.74 ah 2,56 b 5,03 a 3,38 a 1,81 a 14,07 a 47,86 ah 
CGA-245704 Twice 1.75 ab 2,50 ab 5,07 a 3 42 a 1,83 a 14,08 a 47,01 b 
Noii-Irealed control None 1.75 ab 2,61 ab 6,(M) a 3.46 a 1.81 a 14.14 a 47.10 b 
Maitcozeh Twice 1.63 ab 2,25 alK 5,08 alK- 2.')4 be l.(>4 ah 12.81 abc 48,85 ah 
I'ropicona/.olc Twice 1.61 ab 2 ,10 be 5,02 be 2.05 be l.M ab 12.68 be 47,55 ab 
Ciipric Hydroxide Twicc 1.53 b 2,11 c 4,')3 c 2.88 c 1.57 b 12.47 c 46.46 h 
Chlorothalonil Twice 1.6K a 2,36 a 5,27 a 3.17 a 1,72 a 13.13 a 40,67 a 
Manco/.eb Once 1.65 ab 2,26 ab 5,11 alK 3,07 ab 1,67 ab 12.77 abc 48,53 ab 
I'ropiconazolc Oncc 1,58 ah 2,21 ak- 5,13 alK 2,00 IK 1,(>4 ah 12.77 abc 47,52 ah 
Ciipric Hydroxide Oncc 1.61 ah 2,23 ak- 5,11 abc 3,(H) IK 1,62 ab 12.73 be 47,14 ah 
Chlorothalonil Once 1.61 ab 2,27 ab 5 ,12 abc 3 ,02 a»K 1,67 ab 12.80 abc 47,<)7 ab 
CCiA-245704 Twice 1.65 ah 2.32 ab 5.23 ab 3.08 ah 1.68 ah 12.86 ab 47,20 ah 
Noil-treated control None 1.56 ab 2.18 be 5.01 IK 2.04 be 1.61 h 12,60 IK 46.80 ah 
Mancozch Twice 1.58 a 2.27 a 5.04 abc 2,01 a 1.50 ah 12.')0 abc 47,46 ah 
I'ropiconazolc Twice 1.56 a 2.27 a 5.04 abc 2.01 a 1.57 ab 12.87 alK 46,11 ab 
Ciipric Hydroxide Twice 1.54 a 2,23 a 4.')0 e 2,80 a 1.50 ub 12.70 c 45,25 ab 
A|i|)lii-:ilii)n 
l.ocalion Yt-ar DOV KutiKlrlde frt'iiiienyy 
1()0 C'lilorothalonil Twicc 
1()U Mancozeh Once 
!()(( I'ropicona/olc Oncc 
160 C'liprit I lydroxidc Once 
160 C'lilorollialoiul ()i\cc 
160 C"(iA-2457(M iwicc 
160 N(in-lrcalcd conlrol None 
174 Manci>zcb iwicc 
174 I'ropiconazolc Twicc 
174 Ciiprie Hydroxide Twice 
174 C'hiorolhalonil Twice 
174 Manco/.eb Oncc 
174 I'ropiconazolc Oncc 
174 Ciipric Hydroxide Once 
174 C'lilorothalonil Once 
174 aiA-245704 Twice 
174 Non-lreateil control None 
181 Mancozcb Twice 
IRl I'ropiconazolc Twice 
181 C'lipric Hydroxide Twice 
181 Chlurollialonil Twice 
181 Mancozcb Oncc 
181 I'ropiconazolc Once 
181 Ciipric Hydroxide Once 
181 Chlorotbalonil Once 
181 CGA-245704 Twice 
181 Non-treated control None 
188 Mancozcb Twice 
188 I'ri>piconazole Twice 
188 Ciipric Hydroxide Twice 
188 Chlorothalonil Twice 
188 Mancozcb Once 
188 I'ropiconazolc Once 
188 Cupricllydroxide Once 
188 C'lilorothalonil Once 
188 rOA-245704 Twice 
188 Non-treatcil conlrol None 
Wavflt'nKlIt hand 
460 510 560 610 660 710 760 810 
1.5S a 2.2') a 5.10 ab 2.')4 a 1.56 ah 13 20 a 48 45 a 50 57 a 
1.5') a 2.30 a 5.05 abc 2 .')4 a 1.61 a 13 .10 ab 47 42 ab 49,40 al> 
1 57 a 2.2') a 5.12 a 2.')6 a 1.5') ah 13 .02 abc 46,07 ab 48,(M) ab 
1 53 a 2.23 a 502 alK 2.8') a 1,55 h 12.87 abc 45,20 ab 47.07 ah 
1.52 a 2.27 a 5.05 abc 2.')3 a 1,55 ab 12.9S abc 46,90 ab 48 87 ab 
1.56 a 2.24 a 5.10 ab 2.')4 a 1,61 a 12.89 alK 45,65 ah 47 47 ab 
1.57 a 2.27 a 5.01 be im a 1.60 ah 12.75 he 4508 h 46.96 b 
2.27 ab 2 67 ab 5.')') ab 4.3') uh 3.13 ab 11.50 a 28,27 a 28.')4 a 
2.23 ab 2.()4 ab 6.02 ab 4.36 ab 3.05 ab 11.64 a 28,63 a 29.32 a 
2.21 b 2.61 b 5.'M b 4.34 ab 3.05 ab 11.49 a 28.15 a 28.79 a 
2.27 ab 2.68 ab 6.03 ab 4.43 ah 3.14 ab 11.58 a 28.30 a 28.'>5 a 
2.28 ab 2.68 ab (M) ab 4.40 ab 3.13 ab 11.58 a 28.43 a 2'). 19 a 
2.16 b 2.57 b 5.')6 ab 4.23 b 2.88 b 11.57 a 29.(K) a 29.67 a 
2.27 ab 2.68 ab 6.(MI ab 4.43 ab 3.17 ab 11.46 a 27.63 a 28.31 a 
2.36 a 2.80 a 6.14 a 4.61 a 3.38 a 11.6(> a 27.52 a 28.20 a 
2.23 ab 2.65 ab 6.03 ab 4.34 ab 3.02 ab ll.M a 28.'>2 a 2').53 a 
2.17 b 2.56 b 5.8') b 4.24 b 2.')4 h 11.44 a 28.26 a 28,'>4 a 
2.03 b 3.03 b 6.32 ab 4.10 b 2.31 b 13.04 a 36 72 a 37,51 a 
2.()S ab S.O*) ab 6.3') ab 4.21 ab 2.3') ab 13.20 a 36.41 a 37,24 a 
2.03 b 3.03 b 6.32 ab 4.14 b 2.34 b 13.0() a 36.17 a 36.99 a 
2.(M b 3.02 b 6.30 b 4.07 b 2.30 b 13.13 a 37.35 a 38.17 a 
2.15 a 3.17 a 6.46 a 4.34 a 2.53 a 13.23 a 36.10 a 36.94 a 
2.03 b 3.01 b 6.34 ab 4.08 h 2.26 b 13.20 a 37.50 a 38.36 a 
2.0() b 3.0() b 6.35 ab 4.1«) ah 2.39 ab 13.01 a 35.41 a 36.24 a 
2.08 ah 3.(K> b 6.32 ah 4.17 ab 2 43 ab I2.<)7 a 35.(v4 a 36.34 a 
2.02 b 3.02 b 6.31 ab 4,05 b 2.24 b 13.16 a 37.35 a 38.14 a 
2.03 b 3.03 b 6.28 b 4,11 b 2.31 b 12,98 a 35.')9 a 36.85 a 
1.71 a 2.62 ab 6.35 ah 3,81 ab 1.88 alK- 14,54 abed 47.(K) ab 46.67 a 
1,76 a 2.(>4 ab 6.16 b 3.67 h 1.85 IK- 14.16 e 44.98 IK 45.')3 a 
1,72 a 2,62 ab 6.32 ab 3.80 ab 1.91 ak- 14.31 de 44.71 c 45,63 a 
1.72 a 2.M ab 6.35 ab 3.81 ab 1.87 abc 14.64 ab 47.38 a 48,34 a 
1.77 a 2.75 a 6.47 a 3.88 a l.')9 a 14.72 a 46,78 abc 46,77 a 
1.67 a 2.65 ab 6.30 ab 3.74 ab 1.88 abc 14.51 alK-d 46,35 alK 47,20 a 
1.6K a 2.68 ab 6.37 ab 3.74 ab 1 91 ab 14.41 bcde 45,44 abc 46,29 a 
1.69 a 2.58 ab 6.18 b 3 68 b 1.84 be 14.20 c 45,34 alK 46,31 a 
1.74 a 2.(A ab 6.34 ab 3.78 ab 1.88 abc 14.60 abc 46,29 abc 47,21 a 
1.67 a 2,55 b 6.20 b 3,68 b 1.78 c 14.34 cde 45,19 abc 46,11 a 
l')5 
l')5 
l')5 
195 
195 
195 
195 
195 
195 
195 
203 
203 
203 
203 
203 
203 
203 
203 
203 
203 
216 
216 
216 
216 
216  
216 
216 
216 
216 
216 
225 
225 
225 
225 
225 
225 
Applicalinn Wavfk'nuth hand 
610 FunKicidi- frcqutncy 460 510 560 660 710 
Manci)/cli Twice 1.79 ab 2.34 ab 5.24 a 3.14 a 1.76 a 13.11 a 
l*riipici)iia/olc Twice l .SO ab 2.28 b 5.18 a 3.13 a 1 76 a 12 66 d 
Cupric Hydroxide Twice 1.77 b 2.33 ab 5.22 a 3.15 a 1.82 a 12.79 ed 
Chlorollialoiiil Twice 1.7S ab 2.38 ab 5.23 a 3.12 a 1.76 a 13.03 alK 
Mancozcb Once 1 K1 ab 2.43 ab 527 a 3.15 a 1.76 a 12.95 abc 
I'nipiconazole Once l .M ab 2.40 ab 5 33 a 3.17 a 1.84 a 13.07 ab 
Cupric Hydroxide Once 1.82 a 2.39 ab 5.26 a 3.14 a 1.85 a 12.99 alK 
Chlorollialoiiil Once 1.77 ab 2.44 a 5.27 a 3.15 a 1.78 u 12.98 ak-
C(lA-245704 Twice 1.78 ab 2.44 ab 5.21 a 3.10 a 1.76 a 12 .94 alK 
Noii-trealwl coiilrol None 1.78 ab 2.31 ab 5.20 a 3.13 a 1.81 a 12.80 iKd 
Mancozeb Twice 2.36 abc 2.92 alK- 5.42 alK 3,67 bed 2,62 abc 14.72 h 
I'ropicona/ole Twice 2.26 c 2.83 d 5.31 alK 3,61 d 2,56 c 14,23 IK 
Cupric Hydroxide Twice 2.32 alK 2.89 iK-il 5.28 IK 3,66 iK'd 2,72 abc 14,46 be 
Cliloroihalonil Twice 2.39 ab 3.01 a 5.60 u 3,86 u 2,74 ubc 15,22 u 
Manco/.eb Once 2.33 abc 2.94 ub 5.54 ub 3,75 UIK 2,59 he 14.72 ub 
I'ropicoiiazolc Once 2.36 abc 2.93 ah 5 33 alK 3,68 bed 2,71 ubc 14.50 be 
Cupric Hydroxide Once 2.40 a 2.93 ah 5.28 k- 3,70 bed 2,78 ub 14.57 be 
Cliloroihalonil Once 2.27 c 2.88 bed 5.45 ul>c 3.72 bed 2,64 abc 14,60 be 
CC)A-245704 Twice 2.41 a 2.97 ah 5.42 alK 3.7« ab 2,79 a 14,71 h 
Non-lrcatcd control None 2.29 be 2.83 cd 5.24 c 3,63 cd 2,(>4 abc 14.18 e 
Mancozeb Twice 2.39 ab 3.31 ah 6.62 a 4,56 ah 2,81 ab 13,29 a 
I'ropiconazole Twice 2.40 ah 3.33 ab 6.59 a 4,(>4 ab 2.91 ab 13,13 a 
Cupric Hydroxide Twice 2.38 ab 3.32 ub 6 55 u 4,60 ah 2.86 ub 12,97 a 
Chlorotlialonil Twice 2.44 ab 3.39 a 6.63 a 4,68 ub 2.96 ub 13.15 a 
Mancozeb Once 2.45 a 3.39 a 6.62 u 4,70 u 3.(H) u 13,17 a 
I'ropicoiiazolc Once 2.34 b 3.27 b 6.60 u 4,50 b 2.72 b 13,30 u 
Cupric Hydroxide Once 2.39 ab 3.34 ab 6.66 a 4,62 ab 2.84 ub 13,20 a 
Chlorollialoiiil Once 2.44 ab 3.39 a 6.55 a 4,71 a 3.05 u 12,95 a 
CC!A-2457()4 Twice 2.40 ab 3.35 ah 6.59 a 4,M ah 2.91 ub 13,20 u 
Non-lreaied conirol None 2.39 ab 3.33 ab 6.60 a 4.61 ab 2.87 ub 13,21 a 
Mancozeb Twice 1.83 a 2.54 a 6.15 ub 3,()4 a 1.71 u 14,43 ah 
I'ropiconazole Twice 1.83 a 2.57 a 6.11 h 3,63 a 1.73 u 14.19 h 
Ciipric llydnwidc Twice 1.82 a 2.55 a 6.17 ab 3,()4 a 1.70 u 14,33 ah 
Chlorolhalonil Twice \M a 2.53 a 6,17 ab 3,67 a 1,74 u 14,37 ab 
Mancozeb Once 1.86 a 2.58 a 6.17 ah 3,65 a 1,75 u 14.39 ah 
I'ropiconazole Once 1.83 a 2.55 a 6,10 h 3,61 a 1,72 u 14.34 ah 
Cupric Hydroxide Once 1.82 a 2.57 a 6.23 a 3,68 a 1,72 a 14.46 a 
Chlorolhalonil Once 1.83 a 2.56 a 6.14 ab 3 ,64 a 1,72 u 14,27 ah 
DOV 
225 
225 
230 
230 
230 
230 
230 
230 
230 
230 
230 
230 
237 
237 
237 
237 
237 
237 
237 
237 
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237 
247 
247 
247 
247 
247 
247 
247 
247 
247 
247 
A|)|)lic:iliiin Wavtlcnt'lh hand 
Fiinnlcldf frt'(|Ut'ncy 460 510 560 610 660 710 760 
('(iA-2457()4 Twicc I.S3 a 2.56 a 6.19 ah 3.66 a 1.74 a 14 45 ah 45.S6 a 
Non-lrcaktl control None 1.S4 a 2.5() a (i.lKah 3.66 a 173 a 14 41 ah 45 22 a 
Mani:o/.cb Twice I.X') a 2.67 c 6.24 h 3.67 a 1.82 h 15.03 a 53.18 ah 
I'ropicoiia/.olo Twice ! . < ) !  a 2.72 ahc 6.36 ab 3.72 a 1.87 ah 15 12 » 52.31 h 
Cupric Hydroxide Twice I.'JI a 2.70 IK 6.28 ah 3.72 a 1.86 ah 15,16 a 52.23 h 
Chlorotlialonil Twice I.<)1 a 2.69 he 6.32 ah 3.75 a 1.82 b 15.13 a 53.(M) ah 
Manco/.ch Once l,<)0 a 2.77 a 6.37 ah 3.75 a 1.92 u 15,17 u 53.37 a 
I'ropiconazole Once l.'M a 2.71 ahc 6 37 ah 3.77 a 1.80 h 15,10 a 52.97 ah 
Cupric Hydroxide Once l.<)2 a 2.67 c 6.26 b 3.74 a 1.83 b 15,05 a 52.57 ah 
Chlorotlialonil Once 1.80 a 2.70 ahc 6.29 ah 3.69 u 1 84 ah 15,10 a 52.66 ah 
C(!A-245704 Twice l.<)3 a 2.75 ah 6.43 a 3.75 a 1.85 ah 15,29 a 53.43 a 
Non-trcaleil control None l.<)| a 2.71 ahc 6.28 ah 3.70 a 1.84 ah 15.13 a 52.26 b 
Mancozeb Twice 1.66 ah 2,32 a 5.08 ah 3.04 a 1.53 a 12,98 a 53.75 a 
I'ropiconazole Twice 1.67 ah 2,29 ah 5.(K) alK 3.00 ah 1.50 alK 12,83 ah 52.53 IK-
Cupric Hydroxide Twice 1,63 h 2,26 h 4.96 be 2.98 ab 1.47 cd 12,72 ah 51.88 cd 
Chlorolhalonil Twice 1,65 ah 2,29 ab 5.03 al)c 3.03 a 1.50 ahc 12.98 a 53.82 a 
Mancozeb Once 1,67 ah 2,30 ab 4.99 ahc 3.(X) ab 1.49 l)cd 12.83 ah 53.13 ab 
I'ropiconazolc Once 1,65 ah 2,32 a 5.0<) a 3.04 a 1.51 ab 12.96 a 53.14 ab 
Cupric llyiUoxiilc OlKC 1.()() ah 2,31 ab 5.02 abc 3.W a 1.51 ab 12,K() ab 52.72 abc 
Chlorothaloiiil Once 1,()4 ah 2,26 h 4.99 ahc 3,(K) ab 1,48 iK'd 12,77 ah 52.49 IK 
CCiA-2457(M Twice 1,68 a 2.30 ah 5.05 ab 3.04 a 1,49 he 12,97 a 53.08 ah 
Non-trealc*l conirol None I,<>4 ah 2.26 b 4.92 c 2.96 b 1,46 d 12,()3 b 51.33 d 
Mancozeb Twice \ . M  a 2.18 a 4.61 ah 3.00 c 1.49 c 12.31 ah 49.08 ab 
I'ropiconazole Twice 1.67 a 2.20 a 4.63 ah 3.0() ahc I 50 IK 12.21 ah 48.11 b 
Cupric Hydroxide Twice 1.68 a 2.22 a 4.66 ah 3.10 ahc 1.52 abc 12.43 ah 48.12 b 
Chlorolhalonil Twicc 1.68 a 2.19 a 4.65 ah 3.10 abc 1.54 abc 12.51 ab 50.02 a 
Mancozeb Once 1.69 a 2.20 a 4.59 h 3.04 ahc 1.53 abc 12.38 ab 48,97 ah 
I'ropiconazole Once 1.65 a 2.23 a 4.68 ah 3.(H) alK 1.52 abc 12.47 ab 48,51 ab 
Cupric Hydroxide Once 1.68 a 2.22 a 4.62 ab 3.0() alK 1.54 abc 12.40 ab 48,25 h 
Chlorolhalonil Once 1.70 a 2.26 a 4.78 a 3.16 a 1.55 ab I2.(.3 a 49.22 ab 
C(iA-2457(H Twice 1.70 a 2.24 a 4.72 ah 3.14 ah 1.56 a 12.63 a 48,47 ah 
Non-treated control None I.M a 2.19 a 4.59 h 3.02 be 1.50 he 12.08 h 46,21 c 
Mancozeb Twice 6.57 a 8.14 ah 9.00 ah 9.45 ahc 10.70 a 14.68 a 19.91 a 
I'ropiconazole Twice 6.41 a 8.02 ah 9.15 ah 9.69 alK 10.71 a 14.65 a 19.63 a 
Cupric Hydroxide Twice 6.70 a 8.36 ah 9.33 ab 9.76 alK 10.83 a 15.(Hi a 20.44 a 
Chlorolhalonil Twice 6.K5 a 8.65 a 9.65 a 10,28 ab 11.40 a 15.43 a 20.55 a 
Mancozeb Once 6.55 a 8.30 ah 9.47 ah 9,75 abc 10.54 a 14.90 a 20.50 a 
Applii'illion WavyU'dtjlli hand 
l)0\' Funuicide fmiiK'ncy 460 510 560 610 660 710 760 HIO 
157 l'ropicoua/i>lc OiKC 6.27 a 7 .66 b 8 67 b <).17 c 10.25 a 14.4S a l').55 a 20 6') a 
157 Ciipric llydro.xiili; Oiicc 6.82 a 8 50 all ') 37 ab 9.8') abc 11.02 a 15.35 a 20.77 a 22 17 a 
157 ('lilorotlKiloi)il Once 6.27 a 8.01 ab 8.')8 ab ').31 be 10,25 a 14.6') a l') ')5 a 21.17 a 
157 CViA-2457(M Twico 6.')8 a 8.68 a <).6') a l().35 a 11.48 a 15.6(> a 20 80 a 21')') a 
157 Nim-lrcaltil control None 6.50 a 8.10 ab 9.21 ab ').68 abc 10.68 a 15 ()5 a 20.76 a 21 ')7 a 
I <>4 Maiico/.cb I'wicc 6.01 a 7,43 a 9.24 a '),23 a 9.65 a 15,19 a 22,17 a 23.57 a 
164 I'ropicoiiazolc Twice 6.(K) a 7,44 a 9.31 a 9,20 a 9.50 a 15 26 a 22,57 a 24.(K) a 
IM Ciipric llydro.Nldc Twice 6.01 a 7.5') a 9.44 a '),27 a 9.55 a 15,53 a 23,03 a 24.50 a 
IM ClilorotliaUinil Twice 6.14 a 7 60 a 9.58 a 9,47 a 9.76 a 15,73 a 23.31 a 24.73 a 
IM Mancozcb Once 5.«)2 a 7.40 a ').38 a 9,22 a 9,48 a 15 34 a 23.07 a 24.50 a 
1()4 i'ropiconazolc Once 5.85 a 7.29 a «>.10 a 8.')3 a 9.31 a I4.')7 a 22.21 a 23.60 a 
IM Ciipric Hydroxide Onco 5,')6 u 7,52 a 9,46 a 9,29 a 9.62 a 15.69 a 23.57 a 25.(K) a 
IM Chlorolhalonil Once 5,6') a 7,11 a 9,08 a 8,77 a 8.9X a 15.02 a 22.82 a 24.16 a 
IM C(iA-245704 Twice 6,12 a 7.65 a 9.62 a 9,45 a 9.79 a 15.84 a 23.63 a 24.98 a 
IM Non-ircalcil control None 5,67 a 7.10 a 9,25 a 8,76 a 8,89 a 15,33 a 23.77 a 25.15 a 
171 Mancozcb Twice 3 .16 ab 3.89 ab 8.12 a 4.81 ab 3.18 a 15.26 a 36.68 a 37.29 a 
171 I'ropiconazolc Twice 3.02 be 3.83 ab 8.14 a 4.79 ab 3.05 ab 15.32 a 37,85 a 38,44 a 
171 Ciipric Hydroxide Twice 3.18 ab 3.98 a 8.40 a 4.91 a 3.11 ab 15,91 a 39,08 a 39,56 a 
171 Chlorotlialonil Twice 3.15 ab 3.')3 ab 8.19 a 4.89 a 3.10 ab 15.41 a 38,00 a 38,58 a 
171 Mancozcb Once 2.')4 c 3.79 b 8.02 a 4.62 b 3 (HI «b 15,28 a 38,01 a 38,55 a 
171 I'ropiconazolc Once 3.13 ab 3,<)4 ab 8.24 a 4.83 a 3.10 ab 15,75 a 38,39 a 38,88 a 
171 Cupric Hydroxide Once 3.08 alK- 3.86 ab 8.05 a 4.77 ab 3.21 « 15,36 a 37,78 a 38,26 a 
171 Chlorolhalonil Once 3.04 at)c 3.86 ab 8.37 a 4.74 ab 3.{K) ab 15,<)9 a 40.26 a 40.87 a 
171 CCiA-2457()4 Twice 3.21 a 3.91 ab 8.08 a 4.86 a 3.13 ab 15,53 a 38.76 a 39 33 a 
171 Non-lreatiM control None 3.07 abc 3.88 ab 8,31 a 4.73 ab 2.')3 b 16,33 a 41.50 a 42.03 a 
178 Mancozcb Twice 2.65 ab 3.91 ab 7,79 alK 4,74 ab 2.')5 a 15.84 abc 42.28 a 43.82 a 
178 t'ropiconazole Twice 2.56 ab 3.72 ab 7,67 alK 4,54 ab 2.76 ab 15.75 abc 43.32 a 44.88 a 
178 Cupric Hydroxide Twice 2.60 ab 3.78 ah 8,(K) a 4.63 ab 2.68 ab 16.55 a 45.50 a 47.10 a 
178 Chlorolhalonil Twice 2.72 a 3.')5 a 7,94 ab 4,76 a 2.';3 a 16.22 abc 44.19 a 45.86 a 
178 Mancozeb Onco 2.58 ab 3.80 ab 7,67 alK" 4,58 ab 2.69 ab 15.72 be 43.14 a 44.68 a 
178 I'ropiconazolc Once 2.59 ab 3.74 ab 7,68 abc 4,52 ab 2.59 ab 16.26 abc 44.37 a 45.78 a 
178 Cupric Hydroxide Once 2.66 ab 3.')0 ab 7,85 ab 4,82 a 3.(H) a I5.')8 abe 42.72 a 44.45 a 
178 Chlorotlialonil Once 2.65 ab 3.85 ab 7,92 ab 4,M ab 2.67 «b 16.51 ab 46.27 a 47.'M a 
178 C(iA-245704 Twice 2.55 ab 3,77 ab 7,48 c 4.45 ab 2.74 ab 15.70 e 43.65 a 45.26 a 
178 Non-treated control None 2.50 b 3,65 b 7,61 be 4.37 b 2.48 b 16.33 abc 46.67 a 48.22 a 
185 Manco/cb Twicc 2.43 « 3.44 a ().47 a 4.07 a 2.61 a 14.42 a 43.22 a 45.41a 
185 Pfopicona/olc Twicc 2.43 a 3.43 a 6.46 a 4.01 a 2.56 a 14.40 a 44.13 a 46.55 a 
Applirnlion Wavt'lfiinlh haiiil 
I.ocation Year 1>()Y fri'(|ui'ncy 460 510 560 610 660 710 760 810 
IKS Ciipric 1 lyilrDxiilc Twice 2 37 a 3,42 a 6 63 a 4,(K) a 2 44 a 15.10 a 46.86 a 49.37 a 
IKS Chlorothalonil Twice 2 47 a 3.54 a 6 73 a 4 27 a 2 71 a 14 99 a 44.09 a 46 57 a 
IS5 Maiico/ch Once 2,36 a 3.49 a 6 46 a 4,14 a 2.63 a 14 44 a 42.62 a 44.99 a 
IS.S I'rDpicoiiuzolc Once 2,33 a 3.31 a 6.30 a 3,76 a 2.31 a 14.49 a 46,21 a 48.67 a 
IS5 Cupric llyilroxiilc Once 2 54 a 3 72 a 6.77 a 4.43 a 2.87 a 14.86 a 42.18 a 44.52 a 
185 Chlorollialonil Once 2,31 a 3.33 a 6.31 a 3.78 a 2 30 a 14 59 a 46.43 a 49.(K) a 
1R5 (•(lA-245704 Twice 2.43 a 3.47 a 6.43 a 4.05 a 2,(>4 a 14,30 a 42.24 a 44.50 a 
185 Noii-lrcatctl control None 2,30 a 3.22 a 6,03 a 3.57 a 2.22 a 14,29 a 46.98 a 49.58 a 
193 Maiicozcl) Twice 2.48 a 3.51 a 6.35 ah 4.24 a 2.79 ab 14,70 a 45.07 a 47.47 a 
193 I'ropicotiazolc Twice 2.55 a 3.46 a 6.12 uh 4.12 a 2.68 ab 14,62 a 45.89 a 48.40 a 
193 Cupric llyilroxido Twice 2.53 a 3.47 a 6,31 ab 4.11 a 2.71 ab 14,94 a 44.15 a 48.04 a 
193 Chloroihalonil Twice 2.()2 a 3.72 a 6,70 a 4,63 a 3.09 a 15,31 a 44.96 a 47.37 a 
193 Maneozcb Once 2.5X a 3.54 a (.,29 ab 4.22 a 2 7K ah 14,()2 a 44.08 a 4().42 a 
193 I'roplcDiiazolc Once 2.50 a 3.3K a 6.21 ah 4.01 a 2.55 ab 14,90 a 47.81 a 50.38 a 
193 ("upric Hydroxide Once 2 .(,3 a 3.61 a 6.33 ah 4,32 a 2.96 ah 14,60 a 43.12 a 45.39 a 
193 Chlorothalonil Once 2,49 a 3.39 a 6.15 ab 4,05 a 2,71 ah 14 84 a 47.17 a 49.80 a 
193 C(iA-2457(M Twice 2,49 a 3.57 a 6.32 ab 4,34 u 2,93 ah 14,72 a 43.43 a 45.73 a 
193 Non-treated cotitrol None 2,44 a 3.28 a 5.96 b 3,87 a 2,46 h 14.97 a 48.(>8 a 51.30 a 
2% Manco/.eb Twicc 3,88 ab 5.26 ab 7.86 a 6,23 ab 5,63 ab 15.14 a 31.19 a 32.71 ab 
20(> I'ropiconazolc Twice 3,')0 ah 5.21 ah 7.76 a 6,16 ab 5 48 ah 15.14 a 31,93 a 33.42 ab 
2(Ki Cupric Hydroxide Twice 3,68 b 4.99 b 7.67 a 5.83 ab 502 ab 15.07 a 33.08 a 34.61 ab 
2()(> Chlorothalonil Twice 3,99 ah 5.33 ah 7.71 a 6.43 ah 5,84 ah 15.14 a 30.87 a 32.45 ah 
20(> Maiicozeh Once 4.08 ah 5.50 ah 7,86 a 6 68 ah 6.26 ah 15.20 a 30,15 a 31 .(>6 ab 
206 I'ropiconazolc Once 3.68 b 5.01 b 7.83 a 5.74 b 4.76 b 15.30 a 34,38 a 35.70 ab 
20(1 Cupric Hydroxide Once 4.18 a 5.68 a 7.96 a 6.90 a 6.51 a 15.30 a 29,61 a 31.13 h 
20() Chlorothalonil Once 3.89 ah 5.20 ab 7.92 a 6.(W ab 5.33 ab 15.34 a 33,52 a 34.K5 ab 
20f) C(5A-245704 Twice 4.12 ab 5.55 ab 7.84 a 6.74 ab 6.32 ab 15.22 a 30.07 a 31.65 ab 
20() Non-treateil control None 3.69 b 5,(H) b 7.73 a 5 .69 b 4,70 h 15.28 a 34.80 a 36.21 a 
213 Mancozeh Twice 2.56 a 3.19 a 6.98 a 4.21 a 2,62 a 15.24 a 43.74 al)c 45.13 ab 
213 I'ropiconazole Twice 2 47 a 2.96 ah 6.54 b 3.86 h 2,40 a 14.75 a 39.74 ahc 46.03 ah 
213 Cupric 1 lydroxide Twice 2.54 a 3.08 ab 6.73 ab 3.95 ab 2,49 a 14.91 a 45.19 ah 46,72 ah 
213 Chlorothalonil Twice 2.55 a 3.11 ah 6.KK ab 4.03 ab 2.()(l a 15,17 a 37.01 c 42.27 b 
213 Mancozeh Once 2.58 a 2.85 ab 6.70 ah 3.94 b 2,49 a 14,96 a 44.43 ab 45.95 ab 
213 I'ropiconazole Once 2.59 a 3.05 ab 6.82 ah 3.82 b 2.46 a 15,25 a 46.24 a 47,83 a 
213 Cupric 1 lydroxide Once 2.52 a 2.85 ab 6.70 ab 4.00 ah 2.63 a 14.70 a 42.18 ahc 43.54 ab 
213 Chlorothalonil Once 2.51 a 2.99 ab 6.84 ab 3.86 b 2.63 a 15.10 a 44.(.2 ab 47.41 ab 
213 C(iA-245704 Twice 2,51 a 2.80 h 6,58 b 3.95 ab 2.49 a 14.79 a 40.28 abc 45.52 ab 
213 Non-treatetl control None 2,59 a 3.19 a 6,76 ah 3.99 ah 2.65 a 14.74 a 39.30 lie 43.08 ab 
l)OV 
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Applicalidii Wavfk'iiKlh l):inil 
PiinKichle rri'i|iirncy 460 510 560 610 660 710 760 
MaiiiMZL'l) Twice 2 % ab 3.24 a 6.S4 a 3.76 a 2.41 a 15 4') a 47.62 a 
I'ropicDiui/iilc Twice 2 4S b 3.0S ab 6.50 ab 3.71 a 2.30 a 15.10 ab 4S.5S a 
Ciipric Hydroxide Twice 2 45 b 3 (XI b 6,24 b 3.56 a 2.23 a 14.5') b 4S.I0 a 
Chlorothiilonil Twice 2 51 b 3 .13 ab 6.51 ab 3.67 a 2.32 a 15.25 ab 47.31 a 
Manco/eb Once 2.53 b 3.IS ab 6 ()5 a 3.7S a 2.35 a 15.27 ab 4<).62 a 
I'ropiconazolc Once 2.60 ah 3.11 ab 6.47 ab 3 66 a 2.32 a 15.23 ab 4').<)6 a 
Cupric Hydroxide Once 2 4S b 3,17 ab 6.()4 u 3.75 a 2.30 a I4.')S ab 46.71 a 
Chloroihalonil Once 2.62 ab 3.23 a 6.5S ab 3.6') a 2.25 « 15.16 ab 4'>.S2 a 
C(iA-2457(>4 Twice 2.72 a 3,27 a 6.(>4 a 3.7S a 2.33 a 15.22 ab 4S.()() a 
Non-trcaieil control None 2.56 ab 3.11 ab 6.50 ab 3.71 a 2.32 11 I4,S') ab 47,3S a 
Mancozeb Twice 2.3S a 3.20 a 6.(X) a 3.57 a 2,15 a 14,21 a 48.11 a 
I'ropiconazole Twice 2.2S ab 3.(K) be 5.74 ab 3,42 a 2,(){i a 13,86 ab 47.26 ab 
Cupric Hydroxide Twice 2.22 IK 2.')1 c 5.4') b 3.27 a 2,(M) a 13.30 b 45.56 IK 
CbKiro\halonil Twice 2.37 a 3.07 ab 5.S5 ab 3.5() a 2,15 « 14,05 a 48.36 a 
Mancozeb Once 2.2') ab 2.')') IK 5.76 ab 3.42 a 2,07 a 14,03 ab 47.37 ab 
I'ropiconazole Once 2,28 ab 2.')') be 5.63 ab 3.30 a 1.0'} a 13,87 ab 47.')7 a 
Cupric Hydroxide Once 2.25 IK 2,')') IK 5,78 ab 3.44 a 2.04 tt 13,85 ab 44.87 c 
Chlorothalonil Once 2,25 IK 2,<)4 IK 5,64 ab 3.37 a 2.05 a 13,75 ab 47.56 ab 
CCiA-2457(M Twice 2,18 c 2 ,')6 be 5,72 ab 3.4') a 2,14 a I3,')0 ab 44.60 c 
Non-lreat«) control None 2,27 abc 2,')8 IK 5,()4 ab 3.36 a 2,07 a I3.()5 ab 45.30 IK 
Mancozeb Twice 2,26 a 3,12 ab 5,'W a 3.()7 ab 2.15 ab I4.0<) ab 47.35 ab 
I'ropiconazole Twice 2.24 ab 3,24 a 5.')4 a 3.73 ab 2.23 ab 14.11 ab 46.37 ab 
Cupric Hydroxide Twice 2.11 b 3,05 b 5.5') b 3.52 b 2.10 b 13,25 e 42.01 cd 
Chlorothalonil 'Twice 2 25 a 3,16 ab 5.')4 a 3.68 ab 2.1') ab 14,11 ab 47.<)0 a 
Mancozeb Once 2.22 ab 3.27 a 6.11 a 3.84 ab 2.24 ab 14,37 a 44.17 be 
I'ropiconazole Once 2,22 ab 3.15 ab 5,')l ab 3 .()4 ab 2.1'} ab 14.02 ah 45.41 abc 
Cupric Hydroxide Once 2,14 ab 3.17 ab 5.')3 ab 3.88 a 2.30 a I3.<)0 ab 40.20 d 
Chlorothalonil Once 2,20 ab 3.14 ab 5.82 ab 3.65 ab 2.12 ab 13.82 abc 45.20 abc 
CGA-2457()4 Twice 2,13 ab 3.21 ab 6.01 a 3.84 a 2.27 ab 13.85 ab 30.65 d 
Non-treated control None 2,22 ab 3.21 a 5 8') ab 3.75 ab 2.20 ab 13.70 IK 41.84 cd 
Mancozeb Twice 2,1') a 3.(K) a 5.')8 a 4.11 a 2,73 a 12.82 a 33.88 a 
I'ropiconazole Twice 2,1') a 3.03 a 5.85 a 4.(K) a 2,76 a 12.58 a 32.')6 a 
Cupric liyilroxide Twice 2,1') a 3.05 a 5.')7 a 4.00 a 2,70 a 12.01 a 34.(>5 a 
Chlorothalonil Twice 2,18 a 3.05 a 5.')2 a 4.0') a 2,74 a 12.70 a 34.01 a 
Mancozeb Once 2,30 a 3.1(> a 5.')2 a 4.25 a 3,00 a 12.51 a 32.34 a 
I'ropiconazole Once 2,24 a 3.11 a 6.01 a 4.17 a 2,82 a 12.')0 a 33.')5 a 
Cupric Hydroxide Once 2.18 a 3.04 a 5,'J2 a 4,0<) a 2,74 a 12.75 a 33.75 a 
Applicalion 
l.ocalinn Year DOV Kiini;icitlf frt'iiiifncv 
12-1 Chlorotliiilonil Oncc 
124 (•(iA-2457(M Iwicc 
124 Non-lri,'alC(l cimlrol Noni; 
133 Mancozcb Twicc 
133 l'ropicona/o\c I'witc 
133 Cupric llydroxiilc Twicc 
133 Chlorothalonil Twicc 
133 Munco/cb Oiicc 
133 I'ropiconazolc Oncc 
133 {'upric Hydroxide Oncc 
133 Chlorothalonil Oncc 
133 CGA-2457(M Twicc 
133 Non-trcatcil control None 
13') Mancozeb Twice 
139 I'ropiconazole Twice 
139 Cupric Hydroxide 'Twice 
139 Chlorothalonil 'Twice 
139 Mancozeb Once 
139 I'ropiconazolc Oncc 
139 Cupric Hydroxide Once 
139 Chlorothalonil Once 
139 CCiA-2457(M Twice 
139 Non-treated control None 
147 Mancozeb Twice 
147 I'ropiconazole Twicc 
147 Cupric Hydroxide Twice 
147 Chlorothalonil Twice 
147 Mancozeb Once 
147 I'ropiconazolc Oncc 
147 Cupric Hydroxide Oncc 
147 Chlorothalonil Oncc 
147 CCiA-2457(>4 Twice 
147 Non-trciitcd control None 
154 Mancozeb Twicc 
154 I'ropiconazolc Twice 
154 Cupric Hydroxide Twice 
154 Chlorothalonil Twice 
XVavelfnulh band 
460 510 560 610 660 710 760 810 
2 23 a 3.08 a 5,94 a 4,15 a 281 a 12 76 a 33.40 a 34.61 a 
2.25 a 3.13 a 6 (M) a 4,21 a 2,89 a 12.80 a 33.47 a 34 61 a 
2 2(1 a 3.05 a 5,89 a 4,11 a 2 78 a 12 56 a 33.05 a 34 19 a 
l .(.7 ab 2.33 ab 5,77 a 3.54 a 1,88 a 13.78 a 42 90 a 44.51 a 
\ .()3 b 2.29 b 5,43 c 3.34 c 1,83 a 13.22 b 41.55 a 43.17 a 
1.()() ab 2,32 ab 5,73 ab 3.49 a 1,87 a 13.78 a 42.97 a 44.63 a 
l .()5 ab 2.32 ab 5,70 ab 3.48 ab 1,87 a I3.()9 ab 42 (>4 a 44.25 a 
1.68 a 2,33 ab 5.M ab 3.49 a 1,92 a 13.53 ab 41,94 a 43.55 u 
1 65 ab 2,27 b 5,55 be 3.40 \k 1,86 a 13.46 ab 42.31 a 4393 a 
l.(>4 ab 2,33 ab 5,77 a 3.53 a 1.89 a 13.77 a 42.34 a 43.92 a 
l .(iS ab 2,33 ab 5,72 ab 3.49 a 1.89 a 13.80 a 43.24 a 44.89 a 
l .(>7 ab 2,33 ab 5,74 ab 3.53 a 1.91 a 13.75 a 42.58 a 44.18 a 
1.68 ab 2,39 a 5,75 a 3.51 a 1.89 a 13.78 a 42.95 a 44.57 a 
N> 
O 
1.91 ab 2.93 ab 6.79 a 3 .94 a 2.(K) a I(>.I2 a 53.80 a 55.51 a 
1.85 c 2.82 c 6.43 b 3.71 b 1.95 b 15.59 b 52.77 a 54.49 a 
1.89 ab 2.90 ab 6.71 a 3.88 a 2.01 a 15 .99 a 53.3(1 a 55.08 a 
1.90 ab 2.96 a 6.76 a 3.91 a 2.03 a 16.13 a 53.83 a 55.54 a 
1.90 ab 2,94 ab 6.67 a 3.87 a 2.04 a 15.85 ab 52.94 a 54.61 a 
1.89 ab 2.88 be 6.72 a 3.89 a 2.02 a 15.95 a 53.42 a 55.12 a 
1.87 be 2,94 ab ().71 a 3.88 a 2.01 a 15.95 a 53.13 a 54.78 a 
1.91 a 2,90 alK 6.68 a 3.88 a 2.03 a 15.91 ab 53.66 a 55.41 a 
1.88 alK 2.92 ab 6.73 a 3 .90 a 2.02 a 15.99 a 52.88 a 54.49 a 
1.89 al)c 2.89 abc 6.73 a 3.87 a 2.03 a 15.98 a 53.32 a 54.98 a 
1.62 ab 1.96 b 5.46 ab 3.09 a 1.63 a 13.97 a 53.47 a 55.87 a 
1 .<>4 ab 2.04 ab 5.41 b 3.07 a 1.63 a 13 88 a 53.58 a 55.92 a 
1.63 ab 2.(H) ab 5.52 ab 3.13 a l .(>4 a 14.18 a 54.03 a 56.48 a 
l .(>4 ab 2.02 ab 5.53 ab 3.09 a l .()4 a 14.12 a 53.97 a 56,42 a 
1,77 abc 2.61 a 6.07 a 3.50 a 1.88 a 14.()2 a 47.61 a 49,12 ab 
1,73 c 2.59 a 5.95 a 3.46 a 1.82 b 14.52 a 47.61 a 49,19 ab 
1.75 abc 2.()5 a 6.14 a 3.53 a 1.84 ab 14,90 a 48,94 a 5049 ab 
1.77 alK 2.60 a 6.04 a 3.49 a 1.88 a 14,59 a 48,98 a 49,05 ab 
1.79 a 2.(.8 a 6.15 a 3.57 a 1.88 a 14,83 a 48,17 a 49,71 ab 
1.75 abc 2.61 a 5.99 a 3.46 a 1.83 ab 14,51 a 47,92 a 49.44 ab 
1.74 be 2.65 a 6.18 a 3.57 a 1.86 ab 14.93 a 48,30 a 49.84 ab 
1.77 alK- 2.66 a 6.12 a 3.54 a 1.86 ab 14.86 a 49,05 a 49.12 ab 
1.77 abc 2.52 a 5.86 a 3.61 a 1.88 a 14.49 a 48,17 a 46.78 b 
1.78 ab 2.60 a 6.00 a 3.58 a 1.88 a 14.91 a 49,02 a 50.70 a 
Application Wiivt'lfnulh hand 
l)0\' Fungicide fri'(|iii'ncy 460 510 560 610 660 710 760 810 
154 Manco/^i'h Oiicc 1.61 h 1.98 ah 5 41 h 3.09 a 1 63 a 13.93 a 53.17 a 55.4S a 
154 I'ropicima/olc Onco 1.67 a 2.07 a 5.62 a 3.14 a 1 64 a 14.20 a 54.10 a 56,57 a 
154 ('(ipric Hydroxide Oncc 1.65 ah 2.01 ah 5 53 ah 3.13 a \M a 14 ()7 a 53.63 a 55.97 a 
154 ('hloroihali)Mil Once 1.6.1 ah 2 ()l ah 5 42 h 3.02 a 1 62 a 13.99 a 53 47 a 55,82 a 
154 {•(iA-2457(>4 Twice 1.65 ah 2.01 ah 5.50 ah 3.07 a 1.61 a 14.(K) a 53.23 a 55,60 a 
154 Non-lrcatcil control None 1.62 ah 2,(K) ah 5.52 ah 3.09 a 1.63 a 14 II) a 53.53 a 55,98 a 
162 Mancozch Twice 1,()3 a 2.30 a 5.27 a 2.98 a 1 60 a 13 37 a 52.94 a 55.54 a 
162 I'ropicona/ole Twice 1,66 a 2.27 a 5.17 a 2.97 a 1.61 a 13,01 a 52,10 ah 54.65 ah 
162 Cupric Hydroxide Twice l,M a 2,25 a 5.18 a 2.96 a 1,60 a 13,29 a 52.71 ah 55.41 a 
162 C'hloroihalonil Twice 1,62 a 2 23 a 5.23 a 2,98 a 1,61 a 13,24 a 52.78 a 55.52 a 
162 Manco/eh Once 1,63 a 2,23 a 5.12 a 2,91 a 1.61 a 12,97 a 50.73 he 53.18 he 
162 Propiconazole Oncc 1,65 a 2,31 a 5.29 a 3.01 a l.M a 13,30 a 52,48 ah 55.07 ah 
162 Cupric Hydroxide Once 1,M a 2,29 a 5,27 a 2.99 a 1.63 u 13,33 a 52,16 ah 54.74 ah 
162 Chlorothalonil Once 1,61 a 2.24 a 5.15 a 2.91 a 1.58 a 13 II a 51.54 alK 54.(K) ahc 
162 C(iA-245704 Twice 1,62 a 2.25 a 5.16 a 2.97 a 1.60 a 13,03 a 5002 e 52.41 e 
162 Non-treatixl control None 1,62 a 2 27 a 5.20 a 2.96 a 1.62 a 13,30 a 51,78 alK- 54.34 ahc 
175 Manco/ch Twice 2.18 ah 3,49 a 7.37 a 4.69 a 2,65 a I4.(K) a 36.09 a 36,34 a 
175 I'ropicona/ole Twice 2,19 ah 3,47 a 7.26 a 4.63 a 2.71 a 13,84 a 34.81 a 35,04 a 
175 Cupric Hydroxide Twice 2 ,17 ah 3,45 a 7.31 a 4.61 a 2 .()4 a 14.14 a 37,00 a 37.27 a 
175 Chlorothalonil Twice 2,10 h 3,41 a 7.23 a 4.59 a 2.59 a 13.93 a 35,68 a 35.85 a 
175 Mancozch Once 2,19 ah 3,46 a 7,29 a 4.59 a 2.M a 14.14 a 37,27 a 37.57 a 
175 I'ropiconazole Once 2 ,18 ah 3,52 a 7,31 a 4.74 a 2,75 a 13.87 a 35,14 a 35.29 a 
175 Cupric Hydroxide Once 2,17 ah 3,47 a 7.26 a 4.62 a 2,63 a 13,90 a 35,(>4 a 35.78 a 
175 Chlomthalonil Once 2,21 a 3.48 a 7,30 a 4,66 a 2,70 a 14,(Kt a 36,02 a 36.27 a 
175 CCiA-245704 Twice 2,22 a 3,44 a 7.31 a 4,60 a 2 ,66 a 14,H) a 36,51 a 36.65 a 
175 Non-treated control None 2,19 ah 3,53 a 7.40 a 4,74 a 2.72 a 14,17 a 36,09 a 36.27 a 
182 Mancozch Twice 1.82 a 2,87 a 6,38 a 3,91 a 2.03 ah 13,74 a 40,33 a 41,39 a 
182 I'ropiconazole Twice I.KI ah 2,79 a 6.16 h 3.79 a 1.97 ab 13,37 a 38,99 a 40.03 a 
182 Cupric 1 lydroxide Twice 1.78 h 2,80 a 6.19 ah 3.82 a 2.01 ah 13,46 a 39,34 a 40 48 a 
182 Chlorothalonil Twice 1.77 h 2.80 a 6.27 ah 3,81 a 1.94 h 13,61 a 40,43 a 41,50 a 
182 Mancozch Oncc 1.80 ah 2,81 a 6,22 ah 3,81 a 1.98 ab 13.52 a 40,23 a 41,33 a 
182 I'ropicona/ole Once 1.83 a 2,83 a 6,22 ah 3,86 a 2.04 a 13,39 a 38,63 a 39,69 a 
182 Cupric Hydroxide Once 1.80 ah 2,80 a 6.21 ah 3,85 a 2.01 ah 13.30 a 38,31 a 39,35 a 
182 ChU>ro\halonil Onco 1 .80 ab 2,81 a 6.28 ab 3,83 a 1,98 ab 13,62 a 40,41 a 41.53 a 
182 CGA-2457()4 Twice 1,80 ab 2,80 a 6.25 ah 3,84 a 1,97 ab 13 .59 a 39,f)4 a 40.69 a 
182 Non-treatcxl control None 1,80 ah 2,83 a 6.30 ah 3.89 a 2,01 ab 13,60 a 39,14 a 4027 a 
189 Manco/ch iwicc 1.79 ah 2.96 ah 6.92 ah 4.25 ah 2 05 a 15.69 ah 46.24 ah 47.2K ah 
189 
IK9 
18<) 
IS9 
1H9 
189 
189 
189 
189 
198 
198 
198 
198 
198 
198 
198 
198 
198 
198 
205 
205 
205 
205 
205 
205 
205 
205 
205 
205 
217 
217 
AppllcnliiMi Wavflt'iiKlh I'anil 
KiiiiKicide frt'(|uency 460 510 560 610 660 710 
I'ropicDiia/oli; Twice 1.77 bed 2.89 c 6 73 cil 4.09 d 1.99 b 15.33 iKde 
Cupric llyilroxiile Twice 1.79 ah 2.91 be 6.79 bed 4.17 abed 2 ab 15 20 dc 
(Tilorolhalonil Twice 1.83 a 2.99 a 6.97 a 4.27 a 2.06 11 15.72 a 
Maiicozd) Once 1.74 bed 2.87 c 6.79 bed 4.14 cd 1.99 b 15.47 alKde 
l'ri)pici)na/i)lc Oncc 1.73 cd 2.86 c 6.72 d 4 11 cd 1.98 b 15.17 e 
Cupric 1 lydroxide Once 1.72 d 2.89 c ().75 cd 4.16 iKd 2.02 ab 15.22 cdc 
Chlorolhaloiiil Once 1.77 he 2.91 be 6.87 alK 4.20 alK 2.02 ab 15.68 ab 
CCiA-2457(M Twice 1.73 cd 2.90 c 6,81 bed 4.13 cd 1.99 b 15.58 abc 
Non-lroalcd control None 1.73 cd 2.91 IK 6.87 alK'd 4.19 alKd 2.02 ab 15.57 alKd 
Mancozch Twice 1.75 a 2.69 ah 5.99 ab 3.83 alK 1.94 ab I3.K2 ab 
I'ropicona/ole Twice 1.78 a 2.71 ab 6.01 a 3.87 abc 1.95 ah 13.79 ab 
Cupric Hydroxide Twice 1.74 a 2.62 b 5.75 h 3.65 c 1.88 h 13.27 c 
Chlorothalonil Twice 1.74 a 2.65 ab 5.89 ab 3.74 IK 1.88 b 13.67 alK 
Maucozel) Oncc 1.77 a 2.71 ab 6.(M u 3.93 ab 1.99 ah 13.80 ab 
I'ropiconazole Once 1.75 a 2.69 ab 6.01 ah 3.85 abc 1.94 ah 13.63 alK 
Cupric 1 lydroxide Once 1.74 a 2.67 ab 5.93 ah 3.84 abc 1.94 ah 13.49 be 
Chlorothalonil Once 1.77 a 2.75 a 6.14 a 4.01 a 2.02 a 14.04 a 
CCiA-2457(M Twice 1.76 a 2.71 ah 6.04 a 3.92 ah 1.99 ab 13.75 ab 
Non-trcatixl control None 1.74 a 2.67 ab 5.95 ab 3.84 ahc 1.95 ab 13.52 be 
Mancozch Twice 2.11 a 3.23 a 7.01 ab 4.% ab 2.67 abc 15.65 a 
I'ropiconazole Twice 2.08 ab 3.25 a 7.11 a 5.05 a 2.71 abc 15.59 a 
Cupric Hydroxide Twice 2.05 ab 3.04 b 6.54 c 4.39 h 2.45 e 14.63 c 
Clilorotlialonil Twice 2.09 ab 3.21 a 7.01 ab 4.78 ah 2.59 alK 15.70 a 
Mancozch Oncc 2.06 ah 3.19 a 6.89 ah 4.96 a 2.74 ub 15.18 alK 
I'ropiconazolc Once 2.07 ab 3.19 a 6.92 ab 4.87 ab 2.69 abc 15.21 ab 
Cupric Hydroxide Once 2.05 ab 3.15 ab 6.78 be 4.82 ab 2.67 abc 14.98 be 
Chlorothalonil Once 2.0() ab 3.26 a 7.07 ab 5.18 a 2.85 a 15.55 a 
CCiA-2457(M Twice 2,07 ah 3.20 a 6.93 uh 4.93 a 2.70 abc 15 .19 abc 
Non-trcatcd control None 2.03 h 3.13 ab 6.80 alK' 4.72 ab 2.57 (K 14.80 he 
Mancozch Twice 2.55 a 3.14 a 6.78 ab 5.32 a 3.69 a 13.65 ab 
I'ropiconazole Twice 2 .()4 a 3.20 a 6.63 b 5.38 a 3.84 a 13.23 h 
Cupric 1 lydroxide Twice 2.59 a 3.15 a 6.97 ab 5.35 a 3.61 a U.W ab 
Chlorothalonil Twice 2.65 a 3.27 a 6.97 ab 5.54 a 3.84 a 13.90 ab 
Mancozch Once 2.68 a 3.21 a 6.83 ah 5.36 a 3.70 a 13.65 ab 
I'ropiconazole Once 2.75 a 3.30 a 6.97 ah 5.60 a 3.94 a 14.00 ab 
Cupric Hydroxide Once 2.55 a 3.15 a 6.81 ah 5.25 a 3.49 a 13.65 ab 
Chlorothalonil Once 2.71 a 3.27 a 6.86 ab 5.52 a 3.92 a 13.70 ab 
CCiA-245704 Twice 2.62 a 3.22 a 6.82 ab 5.38 a 3.71 a 13.68 ab 
DOV 
217 
226 
226 
226 
226 
226 
226 
226 
226 
226 
226 
232 
232 
232 
232 
232 
232 
232 
232 
232 
232 
238 
238 
238 
238 
238 
238 
238 
238 
238 
238 
243 
243 
243 
243 
243 
Application Wavflennlli hand 
Fungicide frKiuency 460 510 560 610 660 710 
Non-lrciilrti cdiilrol None 2 68 a 3.24 a 7.05 a 5.56 a 3 83 a 14.23 a 
Mancozcb 
I'ropicona/olo 
Cupric 1 lydroxidc 
Clilorollialonil 
Maiico/ct) 
I'ropicona/.olc 
Ciipric I lydroxidc 
C'hlurolhalonil 
(•CiA-245704 
Non-lrealwl control 
Twicc 1.90 a 2 60 a 6.24 a 3.79 a 1.91 u 14.15 a 
Twicc l .')0 al> 2.57 a 6.19 ab 3.77 a 1.88 a 14.15 a 
Twicc 1.88 all 2 61) a 6,17 ab 3.79 a 1.91 a 14.17 a 
Twico 1 81 b 2.51 a 6OS ab 3 67 a 1.87 a 14.16 a 
Oncc 1.89 all 2.58 a 6.08 ah 3.73 a 1.92 a 13.94 a 
Oncc 1.85 ah 2.53 a 6.05 h 3.66 a 1.88 a 13.99 a 
Oncc 1.88 ah 2 56 a 6.14 ah 3.78 a 1.93 a 14.13 a 
Oncc 1.83 ah 2.49 a 6.23 ah 3.76 a 1.90 a 14.16 a 
Twicc 1.83 ah 2.57 a 6.09 ah 3.79 a 1.88 a 14.15 a 
None l .W ah 2.60 a 6.20 ab 3.79 a 1.93 a 14.20 a 
Mancozcb Twice 1,71 ah 2.54 a 5,63 a 3,34 a 1.61 ab 13.81 a 
I'ropicona/olc Twice 1,71 ab 2 49 ah 5 56 ab 3,29 ah 1.61 ab 13.62 a 
Cupric Hydroxide Twice 1,69 ah 2.46 ah 5,48 ab 3.27 ah 1.59 ah 13.66 a 
Chlorothalonil Twice 1,70 ab 2.51 ab 5,57 ab 3,31 ab 1.62 ab 13.75 a 
Mancozch Once 1,73 a 2,52 ah 5,58 ab 3,33 ab 1.63 ah 13.76 a 
I'ropiconazolc Once 1,71 ab 2,49 ah 5,52 ab 3.28 ab 1.59 ah 13.70 a 
Cupric Hydroxide Once 1,71 ab 2,50 ab 5,54 ab 3.30 ab 1.61 ab 13.78 a 
Chlorothalonil Once 1,65 b 2.41 b 5,36 b 3.19 b 1.57 ab 13,35 a 
CCiA-245704 Twice 1,67 ab 2,44 ab 5,45 ab 3.22 ah 1.57 h 13,49 a 
Non-trcalixl control None 1.72 ab 2,52 ab 5,62 a 3.36 a I.M a 13.87 a 
Mancozcb Twice 1.81 ah 2.39 c 5.85 al)c 3.51 a 1.73 abc 14.24 ahc 
i'ropiconazolc Twice 1.89 a 2,59 a 6.00 ab 3.56 a 1.80 a 14.25 abc 
Cupric 1 lydroxidc Twice 1,84 ab 2,44 ahc 5.71 c 3.43 a 1.71 be 13.92 c 
Chlorothalonil Twicc 1,85 ah 2,56 ah 5.91 abc 3.57 a 1.80 a 14,43 ah 
Mancozcb Oncc 1,87 ah 2,56 alK 6.02 a 3.59 a 1,80 ah 14,54 a 
i'ropiconazolc Oncc 1.82 ab 2,39 be 5.83 abc 3.48 a 1,74 alic 14,18 abc 
Cupric Hydroxide Oncc 1.86 ah 2,53 alK 5.80 ahc 3.52 a 1,80 ah 14,22 abc 
Chlorothalonil Once 1.88 ah 2,44 alK 5.94 ahc 3.57 a 1.74 ahc 14,34 abc 
CCiA-2457(M Twice 1.82 ah 2.39 be 5.79 ahc 3.42 a 1,70 c 13,95 be 
Non-treated control None 1.80 b 2.47 ahc 5.76 he 3.44 a 1,70 c 14.07 abc 
Mancozcb Twice 1,57 cdcf 2,(Hi cd 4.93 cd 3.01 cdc 1.46 cdc 12.90 cd 
I'ropiconazolc Twice 1,59 cdc 2,07 cd 4.87 cd 3.01 cdc 1.46 cdc 12.81 cd 
{'upric 1 lydroxidc Twice 1,52 cf 2,(K) cd 4.73 d 2.91 c 1.43 dc 12.56 d 
Chlorothalonil Twicc 1.64 ahc 2.18 ah 5.18 ab 3.14 alK 1.53 abc 13.46 alK 
Mancozcb Once 1.60 bed 2.10 tK 5.02 IK 3.0<) bed 1.49 iK-d 13.12 bed 
I'ropiconazolc Oncc 1.67 ab 2 19 ah 5.22 ah 3.21 ah 1.56 ah 13.57 ab 
Application 
l.ocalion Year DOV Fiiiit;iciilf fmiucnry 
243 Cupric Ityilroxiilc Once 
243 Chlorolhalonii Onci; 
243 aiA-245704 iwicc 
243 Non-trcalixl conirol None 
I'WS 113 Mancozch Twicc 
113 I'ropitona/ole Twicc 
113 ("npric llytlroxido Twice 
113 Chlorolhalonii Twicc 
113 Manco/.cb Oncc 
113 I'ropiconazolc Once 
113 Ciipric Hydroxide Once 
113 Chlorolhalonii Once 
113 CCiA-2457()4 Twice 
113 Non-treaictl control None 
122 Manco/eb Twice 
122 I'ropicona/ole Twice 
122 Cupric Hydroxide Twice 
122 Chlorolhalonii Twicc 
122 Manco/.eb Once 
122 I'rcipicona/ole Once 
122 Cupric Hydroxide Once 
122 Chlorolhalonii Once 
122 CGA-245704 Twice 
122 Non-treated control None 
126 Manco/eb Twice 
126 Propicona/olc Twice 
126 Cupric Hydroxide Twice 
126 Chlorolhalonii Twice 
126 Mancozeb Once 
126 I'ropiconazolc Once 
126 Cupric Hydroxide Once 
126 Chlorolhalonii Once 
126 C(iA-2457(>4 Twice 
126 Non-treated control None 
134 Mancozeb 
134 I'ropiconazolc 
134 Cupric I lydroxide 
Twice 
Twice 
Twice 
WavfU'nKlh hand 
460 510 560 610 660 710 760 810 
1.5S cdel" 207 cd 4.92 cd 3.02 cde 1.48 cdc 12.90 cd 47.47 be 5009 be 
1.55 eld 202 cd 4.S2 cd 2.97 de 1.44 lie 12,72 d 47.62 IK 50 19 abc 
1,52 r 1.99 d 4 75 d 2 91 e 1 42 e 12,47 d 4600 c 48 47 c 
1,68 a 2.22 a 5.32 a 3.25 a 1.57 a 13,80 a 49.28 ab 51.68 ab 
1,95 a 2..30 a 5.(K) a 4.()4 a 2.53 a 11,02 a 26.61 a 27.91 a 
1,95 a 2.29 a 5.03 a 4.70 a 2.55 a 11,0() a 26.79 a 28 ()4 a 
2.01 a 2.39 a 5.17 a 4.96 a 2.76 a 11.26 a 26.39 a 27.75 a 
1.97 a 2.34 a 5.08 a 4.74 a 2.58 a 11.03 a 25.97 a 27.29 a 
1.97 a 2.31 a 5.02 a 4.71 a 2.67 « 10.79 a 25.76 a 27.16 a 
2.(K) a 2.35 a 5.07 a 4.80 a 2.68 a 11.15 a 26.61 a 27.93 a 
1.93 a 2.26 a 4.93 a 4.55 a 2.46 a 10.75 a 25.95 a 27,16 a 
1.98 a 2.35 a 5.U)a 4.76 a 2 .59 a 11.21 a 26.79 a 28,08 a 
1.88 a 2.21 a 4.91 a 4.49 a 2.43 a 10.94 a 26.85 a 28,10 a 
1.93 a 2.27 a 4.94 a 4.58 a 2.51 a 10.80 a 25.89 a 27.19 a 
1,73 b 2.60 ab 6,18 a 4.47 a 1.89 ab 14,07 a 47.23 a 48.14 a 
1,71 b 2.53 IK 5,98 ab 4.41 a 1.95 a 13.77 a 46.W) a 46.88 a 
1,73 ab 2.54 abc 6,02 ab 4 33 a 1.84 ab 13.81 a 46.51 a 47.37 a 
1,70 b 2.58 abc 6,09 ab 4.42 a 1.88 ab 13.88 a 46.39 a 47.17 a 
1,73 ab 2,55 alK 6.03 ab 4.40 a 1.90 ab 13.78 a 45.98 a 46.83 a 
1,77 a 2,51 c 5.87 b 4.2K a I .K2 h 13.65 a 46.84 a 47,71 a 
1.73 ab 2,55 abc <>.m ab 4.41 a 1.84 ab 13.89 a 46.78 a 47,57 a 
1.73 b 2,62 a 6.11 ab 4.43 a 1,87 ab 14.(H> a 47.39 a 48,29 a 
1,70 b 2.57 alK 6.13 ab 4.40 a 1,85 ab 14.08 a 46.87 a 47,65 a 
1,72 b 2,55 abc 6.05 ab 4.35 a 1,83 b 13.95 a 47.11 a 48,(K) a 
I.K6 a 2,52 a 5.87 ab 4.32 ab 201 a 13.91 ab 50.49 a 53,(X) a 
1.76 ab 2 ,17 IK 5.52 b 4.(K) b 1.87 a 13.15 b 47.60 b 49,90 b 
1.72 b 2,12 e 5.52 b 4.08 b 1.88 a 13.40 ab 48.84 ab 51,35 aT 
1.S7 a 
1.70 b 
l.«2 ab 
1.K4 ab 
1.82 ab 
I.K3 ab 
I.K4 ab 
I.K5 ab 
1.83 ab 
1.81 b 
2.54 ab 
2.39 c 
2.49 abc 
2.56 a 
2.51 ab 
2.43 IK 
2.51 ab 
2.53 ab 
2.52 ab 
2,49 alK-
6.37 a 
5,97 c 
6 ,33 ah 
6,34 a 
6,14 abc 
6,02 be 
6 34 a 
6,33 u 
6,30 ah 
6,23 abc 
5,01 a 
4,74 e 
4,% alK 
4,91 abc 
4,90 abc 
4.76 IK 
4.99 ab 
5,03 a 
4,93 abc 
4.86 alK 
2.23 ab 
2.20 ab 
2.16 b 
2.21 ab 
2.20 ab 
2.21 ab 
2.17 b 
2.29 a 
2.18 ab 
2.19 ab 
14.11 a 
13.65 a 
13.95 a 
13.98 a 
13 .69 a 
13.()4 a 
14.(K) a 
13.98 a 
14,(K) a 
13,91 a 
43.71 a 
43,13 a 
42.98 a 
42.50 a 
42.56 a 
43.32 a 
43.33 a 
43.72 a 
43.80 a 
43.36 a 
43.76 a 
4.3.11 a 
43.07 a 
42.71 a 
42.61 a 
43.40 a 
43.40 a 
43.68 a 
43.80 a 
43.46 a 
Applic^ilioii WavcU'iindi hand 
Location Year DOY rrr(|ui'ncy 46(1 510 560 610 660 710 760 810 
13-< Clilorotlialoiiil Twice l .S() a 2 31 abc 5 ')3 a 4,43 a 201 a 14,08 a 50 50 a 53 ()5 a 
13-1 Mauco/ch Once 1.78 ab 2 25 abc 5 74 ab 4.18 ab 1 ')0 a 13.55 ab 4S.45 ab 50.83 ab 
134 t'ropiciina/ole Onee 1.78 ab 2.40 alK 5 62 ab 4.20 ab l ,')6 a 13 43 ab 48,76 ab 51,31 ab 
134 Ciipric 1 lydroxiile Once 1.78 ab 2.18 abc 5,65 ab 4.1') ab 1 92 a 13,52 ab 4'), 12 ab 51,52 ab 
134 Chlorollmlonil Once 1.77 ab 2.3') abc 5,61 ab 4.15 ab l ,')4 a 13,46 ab 48,46 ab 50,84 ab 
134 (•CiA-2457(>4 Twice 1.73 ab 2.36 abc 5,63 ab 4.13 ab 1,88 a 13 39 ab 47,49 b 49,73 b 
134 Non-lrcalcd cunlntl None 1.81 ab 2.47 ab 5 81 ab 4.31 ab 2 (M) a 13,')3 a 49,54 ab 52,05 ab 
141 Manco/eb I'wice 1 .()5 ab 2.10 ab 4,83 a 3.50 ab 1.78 a 12,61 ab 51,19 a 53,83 a 
141 I'ropicoiiazolc Twice 1.70 a 2.14 a 4 ,')0 a 3.59 ab 1.75 a 12,70 a 50,35 ab 53,(K) ab 
141 C'lipric 1 lydroxiile Twice l .()() b 2.01 b 4 41 h 3.43 ab 1,76 a 12,05 b 48,67 b 51,19 b 
141 C'hioroihalonil i'wice 1.62 ab 2.03 ab 4,67 ab 3.49 ab 1,73 a 12,30 ab 49.<)4 ab 52,55 ab 
141 Maiieo/.cb Once 1.63 ab 2.03 ab 4,75 a 3.41 b 1,72 a 12,44 ab 48,89 ab 51,54 ab 
141 I'ropiconazolc Once 1.67 ab 2.12 ab 4,75 a 3.51 ab 1,82 a 12,45 ab 50.50 ab 53,25 ab 
141 C'liprii; Hydroxide Once l.M ab 2.08 ab 4,71 a 3.61 a 1,81 a 12,50 ab 51.15 a 53.')0 a 
141 C'lilonrttialonil Once l .()4 ab 2.OX ab 4,71 a 3.49 ab 1,76 a 12,51 ab 49.85 ab 52,39 ab 
141 CGA-245704 Twice 1.62 ab 2.01 b 4,6') a 3.43 ab 1,73 a 12,22 ab 48.68 b 51,10b 
141 Non-treat«l control None 1.65 ab 2.14 a 4,78 a 3.56 ab 1,76 a 12,76 a 50.0<) ab 52,78 ab 
148 Manco/cb Twice 1.41 a 1.73 a 4,31 a 3.16 ab 1,46 abc 11,57 a 49.63 a 52,84 a 
148 Propicoiiazole Twice 1.38 alK- 1.71 ab 4,20 ab 3.11 ab 1,46 abc 11,26 ab 47.28 bed 50 20 IK 
148 C'upric Hydroxide Twice 1.35 cde 1.67 1)C 4,13 ab 3.09 ab 1,43 IK 11,19 ab 47.34 (K-d 50,36 be 
148 C'hioroihalonil Twice 1 33 de 1.70 abc 4.22 ab 3.12 ab 1,44 alK 11,46 ab 48.85 ab 51,95 ab 
148 Mancozeb Once 1.38 alK 1.71 ab 4 26 ab 3.14 ab 1,47 ab 11,3') ab 47.31 bed 50,20 IK 
148 I'ropieonazole Once 1.3') ab 1.70 alK 4.20 ab 3.11 ab 1,48 ab 11,32 ab 47.73 abc 50,80 ab 
148 C'upric Hydroxide Once 1.41 ab 1,75 a 4.2') a 3.18 a 1.48 ab 11,53 a 48.63 alK 51,76 ab 
148 C'hioroihalonil Once 1.37 iKd 1.71 ab 4.21 ab 3.13 ab 1,48 a 11,28 ab 46.76 cd 49,73 IK 
148 C'OA-245704 Twice 1.33 c 1.65 c 4.08 b 3.03 b 1,42 c 11,(M) b 45.55 d 48,37 e 
148 Non-lrcaled control None 1.38 abc 1.71 ab 4.24 ab 3.15 ab 1.48 a 11,49 a 47.20 bed 50,13 IK 
155 Mancozeb Twice 1.45 a 1 .')6 ab 4.4') a 3.62 a 1,73 a 12,67 a 48.25 a 50,48 a 
155 I'ropieonazole Twice 1.45 a 1 .')(> ab 4.43 a 3.58 a 1,75 a 12,46 ab 47.37 abc 49,59 ab 
155 C'upric Hydrv>xide Twicc 1.43 a l.')5 ab 4.39 a 3.55 a 1,75 a 12,3K ab 46.23 bed 48,29 IK 
155 C'hioroihalonil Twice 1.42 a l.«)3 ab 4.44 a 3.60 a 1,71 a 12,52 ab 47.()4 ab 4'),78 ab 
155 Mancozeb Once 1.42 a l .')5 ab 4,47 a 3.58 a 1,73 a 12 45 ab 46.22 bed 48,21 IK 
155 I'ropieonazole Once 1.44 a 1 ,')5 ab 4,37 a 3.55 a 1,75 a 12,29 ab 45.79 cd 47.85 c 
155 C'upric Hydroxide Once 1.45 a 1.<J7 ab 4,47 a 3.59 a 1,76 a 12,49 ab 46.60 iKd 48,70 IK 
155 C'hioroihalonil Once 1.46 a 1,')6 ab 4,43 a 3.61 a 1,77 a 12,41 ab 46.11 bed 48,14 IK 
155 C'CiA-245704 Twice 1.41 a 1,')1 b 4,32 a 3,50 a 1,73 a 12,18 b 45.30 d 47,34 c 
155 Non-treated control None 1.46 a 1,')') a 4,44 a 3,61 a 1,76 a 12,46 ab 45.40 d 47,39 c 
Application 
l.iKation Vfar DOV FunKicidf frtqiifncy 
170 Mancttzt'b Twice 
170 I'ropii-oiia/ole Twicc 
170 Cupric ilyiiroxiiie i wice 
170 Clilotollialonil Twice 
170 Mancozcb Once 
170 I'ropicona/ole Once 
170 Cupric I lyilroxide Once 
170 Clilorotlialonil Once 
170 C(iA-2457(M Twicc 
170 Noii-irealeil control None 
17() Mancozcb Twice 
170 I'ropiconazole Twicc 
170 Cupric llyilroxiilc Twice 
170 Chlorothalonil Twicc 
170 Mancozcb Oncc 
170 I'ropiconazole Once 
170 Cupric Myilroxiile Oncc 
170 Chlorothalonil Oncc 
170 C(iA-2457(H Twice 
170 Non-ucatcd None 
182 Mancozcb Twice 
182 I'ropiconazole Twice 
182 Cupric llyilroxiilc Twicc 
182 Chlorothalonil Twice 
182 Mancozcb Oncc 
182 I'ropiconazole Oncc 
182 Cupric llyilroxiilc Once 
182 Chlorothalonil Oncc 
182 CCiA-2457(M Twice 
182 Non-treateil control None 
189 Mancozcb Twice 
189 I'ropiconazole Twicc 
189 Cupric I lydroxiile Twice 
189 Chlorothalonil Twice 
189 Mancozcb Oncc 
189 I'ropiconazole Once 
189 Cupric llyilroxiilc Once 
189 Chlorothalonil Once 
Wavt'lt-nnlh banil 
460 510 560 610 660 7J0 760 810 
2.93 a 3 95 a O il ab 7.42 a 5 64 a 11.11 ab 19.17 abc 20 26 abc 
3.12 a 4 14 a 6.17 ab 7.74 a 5.97 a 11 (M ab 18.57 c 19 07 c 
3.07 a 4.11 a 6.27 a 7.7S a 6.01 a 11.41 a 19.40 abc 20 02 abc 
2.9S a 4.02 a 6,23 ab 7.00 a 5.74 a 11.41 a 19.73 ab 20 92 ab 
2.87 a 3,90 a 6.0(i ab 7.32 a 5.44 a 11.12 ab 19.82 ab 20 88 ab 
2.80 a 3.83 a 5.9() ab 7.13 a 5.32 a 10.93 ah 19,52 alK 20 00 alK 
2.80 a 3.72 a 5.83 b 6.85 a 5.11 a 10.52 b 18.74 be 19.77 IK 
2.88 a 3.90 a 6.12 ab 7.20 a 5.33 a 11.13 ah 19.89 a 20,97 a 
2,75 a 3.08 a 5.86 ab 0.77 a 4.94 a 10.77 ab 19.90 a 20,91 ab 
3,01 a 4.02 a 6.15 ab 7.66 a 5.88 a 11.23 ab 19.17 abc 20,34 alK 
0\ 
1.98 alK 2.78 a 6.14 a 4.92 alKTil 2.34 ab 13.27 a 36.54 a 37.92 a 
2.07 abc 2.89 a 6.10 a 4.98 abc 2.45 ub 13.19 a 36.63 a 38.10 a 
2.08 ab 2.84 a 6.10 a 5.()() ab 2.47 ab 13.12 a 35.88 a 37.38 a 
2.10 a 2.85 a 6.10 a 5.05 a 2.51 a 13.12 a 35.69 a 37.25 a 
2.02 abc 2.79 a 6 13 a 4.93 abcil 2.37 ab 13.23 a 36.09 a 38.15 a 
1.95 c 2.74 a 5.97 a 4.69 il 2.20 b 13.23 a 38.10 a 39.61 a 
1.97 be 2.75 a 6.03 a 4.85 abcil 2.30 ab 12.94 a 35.54 a 30,90 a 
1.97 be 2.80 a 6.00 a 4.74 cil 2 29 ab 13.16 a 37.22 a 38.70 a 
1.97 abc 2.77 a 5.97 a 4.79 tKil 2.28 ab 12.92 a 35.83 a 37.15 a 
2.()() abc 2.87 a 5.97 a 4.94 abc 2.50 ab 12.82 a 34.81 a 36.28 a 
1.78 bcil 2.42 at)C 5.41 ab 3.99 abc 1.79 b 13.03 a 45.79 a 47.59 a 
1.81 ab 2,37 IK 5.21 e 3.91 c 1.82 ab 12.57 be 42.90 be 44.50 Ik 
1.80 ab 2,45 ab 5.31 abc 4.(K) abc 1.89 ab 12.M abc 42.70 IK 44.46 be 
1.82 a 2,49 a 5.41 ab 4.08 a 1.92 a 12.96 ab 44 81 ab 40.80 ab 
1.80 ab 2,45 ab 5.45 a 4.05 ab 1.85 ab 12.92 ab 42.94 be 44.03 be 
1.78 abc 2.39 abc 5.32 alK 3.94 be 1.81 ab 12.90 ab 44.60 ab 40.40 ab 
1.74 cil 2.34 c 5,37 alK 3.97 abc 1.80 b 12.75 abc 42.88 be 44.57 be 
1.79 alK- 2.44 ab 5.38 alK 4.(X) abc 1.84 ab 12.93 ab 43,46 abc 45.35 abc 
2.20 a 3.05 ab 
2.22 a 3,05 ab 
2.27 a 3,13 ab 
2.25 a 3.15 a 
2.19 a 3.02 ub 
2.14 a 2,94 Qb 
2.()() a 2.92 ab 
2.14 a 2.95 ab 
2.09 a 2.91 b 
2.25 a 3,09 ab 
O i l  a  5 . 6 2  a  
5.94 iKile 5.53 a 
O.Ol tttK 5.80 a 
0,11 a 5,68 a 
0,03 ab 5.55 a 
5.89 lie 5.31 u 
5.90 cilc 5.34 a 
5.99 iKil 5.34 a 
5,85 e 5.30 a 
5.88 ik 5.75 a 
3.22 a 11.00 a 
3.23 a ll.44ab 
3.47 a ll.45ab 
3.37 11 11,72 a 
3.14 a ll.OOab 
2.95 a ll.SOab 
2.90 a 11.42ab 
2.96 a ll.OOab 
2.90 a ll.JOab 
3.52 a 11.23 b 
27.80 ab 28.72 ab 
27.08 ab 28.66 ab 
20.4K ab 27.49 ab 
27.81 ab 28.83 ab 
28.18 ab 29.12 ab 
28.98 a 29.94 a 
27,94 ab 28.86 ab 
28.94 a 29.82 a 
27.87 ab 28.76 ab 
25.80 b 20.87 b 
oov 
IS') 
IS') 
L')7 
197 
197 
197 
\97 
L')7 
197 
197 
197 
197 
210 
210 
210 
210 
210 
210 
210 
210 
210 
210 
219 
219 
219 
219 
219 
219 
219 
219 
219 
219 
226 
226 
226 
226 
Appllcalion WavfletiKlh l)aiiil 
Fungicide frfqiifiicy 450 MO 560 610 660 TjO 760 
(•(iA-2457()4 Twia' 1.7.1(1 2,37 he 5.2.'i IK .VSS C 1,79 1) li.-i.l IK 41.77 C 
Non-iri-Miol cDiUrol None 1,75 cd 2,42 abc 5.25 1K 3.9S abc l ,S4 ab 12.40 c 40.SS c 
Manco/eb 
I'ropicona/.olc 
Ciipric llydro.vide 
Chlorodialonll 
MaiKO/.cb 
I'ropicoiia/olu 
Ciipric Hydroxide 
C'liloroilialoiiil 
CGA-245704 
Non-lrcate<l conirol 
Twicc I SO a 2,39 a 5.01 a 3.90 ab l ,S6 ab 12,76 a 46.08 a 
Twice 1 79 a 2.39 a 4,93 a 3,')4 ab 1,92 ab 12,46 ab 42,37 be 
Twice l.7() a 2.34 a 4,SO a 3.«() ab 1.87 ab 1221 ab 42,f)4 be 
Twice l ,7« a 2.34 a 4,«S a 3,83 ab I.S4 ab 12,49 ab 45,0(1 ab 
OLKC l.7() a 2 .40 a 5.03 a 4.02 a l.'M a 12.35 ab 40.51 c 
Once 1.73 a 2.32 a 4.S1 a 3.80 ab 1.84 ab 12.27 ab 42.61 be 
Once 1,73 a 2.33 a 4.84 a 3.81 ab 1,S5 ab 12.15 ab 41.86 be 
Once 1.76 a 2.37 a 4.89 a 3.90 ab l.')3 ab 12.46 ab 41.79 e 
Twice 1.75 a 2.31 a 4.76 a 3.79 b 1.86 ab 12.16 ab 41.36 e 
None 1.74 a 2.32 a 4.83 a 3.83 ab 1.S2 b 12.11 b 41.17 c 
Maneozeb Twice 3.13 b 4 .04 b 6.69 b 7.87 a 5.89 a 12.82 ah 25.42 a 
I'ropicona/.ole Twice 3.33 ab 4,17 ab 6.81 ab 8.24 a 6,29 a 13.05 ab 25,22 a 
Ciiprie Hydroxide Twice 3.46 a 4.35 ab 7.01 a 8.55 a 6.66 a 13.25 ah 25.18 a 
Chlorollialonil Twice 3.42 a 4.28 ab 6.90 ab 8.32 a 6.35 a 13.05 ab 25.18 a 
Maiico/.eb Once 3.27 ab 4.11 ah 6 69 h 8.14 a 6.21 a 12.70 b 24.43 a 
I'ropicona/ole Once 3.47 a 4.36 a 6.94 ab 8.56 a 6.66 a 13.16 ah 24.72 a 
("iiprie Hydroxide Once 3.23 ab 4.08 ab 6.77 ah 7.97 a 6.(K) a 12.94 ab 25.45 a 
Chlorollialonil Once 3.39 ab 4.23 ab 6.88 ah 8.25 a 6 29 a 13.07 ab 25.13 a 
CCiA-245704 I'wice 3.31 ab 4.14 ab 6.84 ab 8.03 a 6.03 a 13.(U ab 25.80 a 
Non-treale*l conirol None 3.40 ab 4.25 ab 6.98 ah 8.30 a 6.33 a 13.32 a 25.96 a 
Manco/eb Twice 2.00 a 2.88 ab 6.23 a 4.84 a 2.37 ah 13,70 a 40.19 a 
Propiconazoie Twice 2.02 a 2.82 abc 5.99 ab 4.65 atx; 2.41 a 12,91 b 36.96 a 
Ciipric Hydroxide Twice 2.02 a 2.75 cd 5.93 b 4.(>4 abc 2.34 ab I3.(K) ab 37.81 a 
Chlorothalonil Twice 1.99 a 2.81 abed 6.(X) ab 4.M abe 2.26 ab 13.31 ab 38.83 a 
Mancozcb Once 2.03 a 2.90 a 6.08 ab 4.79 ab 2.35 ab 13.17 ab 37.28 a 
I'ropiconazole Once 2.05 a 2.7K bed 5.K() b 4.()() abc 2.39 a 12.93 b 37.05 a 
Cupric Hydroxide Once 2.(H) a 2.75 cd 6.05 ab 4.62 alK 2.26 ab 13.32 ab 38.13 a 
Chlorothalonil Once 2.04 a 2.81 alKd 5.99 ab 4.57 be 2.30 ab 13.11 ah 37.57 a 
CCiA-245704 Twice 1.99 a 2,79 jAKA 6.01 ab 4 ,66 alK 2.22 b 13,20 ab 38.03 a 
Non-irealetl conirol None 1,95 a 2.70 d 5.90 b 4.52 e 2,33 ab 12,95 h 37.96 a 
Mancozeh Twice 1.70 abc 2.36 abed 5.34 a 4.04 ab 1.75 a 12,72 a 43.92 a 
I'ropiconazole Twice 1.75 a 2,41 a 5.27 ab 4.13 a 1.86 a 12.37 ah 40.59 a 
Cupric Hydroxide Twice 1,72 alK 2.36 abed 5.27 ah 4.02 ab 1.80 a 12.44 ah 41.32 a 
Chlorollialonil Twice 1.67 e 2,34 iK-d 5.17 h 3.94 b 1.75 a 12.40 ah 42.70 a 
Mancozeh Once 1.74 a 2.40 ab 5.25 ah 4.12 a 1.87 a 12.30 ah 40.50 a 
Application WavflfiiKlti hiind 
I.ocallon Year DOY KiinKiclilc frf(|iicncv 460 510 S60 610 660 710 760 810 
22() I'ropicoiiazolc Once 1,72 abc 2,38 abc 5,27 ab 4,05 ab 1 79 a 12,42 ab 41.12 a 42,82 a 
221) Ciipric llydroxiili; Once 1,70 abc 2 34 cd 5 18 b 3.')7 b 1,78 a 12 37 ab 41.68 a 43 42 a 
226 Clilorolhalimil Once 1,73 ab 2.36 abed 5,19 b 4.04 ab 1 81 a 12 28 ab 41 18 a 42 92 a 
226 (•(iA-24.'>7(H Twice 1.67 lie 2.33 cd 5.15 b 3,')4 b 1,73 a 12.26 ab 41 11 a 42.74 a 
226 Non-lrcalwl conlrol None I .6S be 2,31 d .5 .15 b 3.97 b 1,75 a 12,25 b 40,96 a 42.63 a 
232 Mancozob Twice 1.81 a 2.55 a 5.45 a 4,14 a 1,84 a 12,75 a 45,52 a 47.34 a 
232 l'ropic()iia/(ilc Twice 1.75 ab 2,43 b 5.24 alK 3,98 ab 1,75 ah 12.27 ab 42,66 b 44.30 b 
232 {'iipric llyiiroxidi; Twice 1.71 b 2.43 b 5.24 alK 3.9') ab 1.75 ab 12.19 h 42,19 b 43.78 b 
232 ('hlorothalonil Twice 1.77 ab 2.48 ab 5.36 UIK 4.02 ab 1.76 ah 12.60 ah 46,03 a 47.87 a 
232 Mancozct) Once 1.76 ab 2.48 ab 5.38 abc 4.13 a 1.81 ab 12.35 ab 42.02 b 43.54 h 
232 I'rDpicoiia/ok' Once 1.74 ab 2.45 ab 5.27 abe 4.01 ab 1.77 ab 12.24 b 42,24 b 43.81 b 
232 C'lipric llyilroxiile Once 1.73 b 2.42 b 5.19 IK 3.95 ab 1.75 ab 12.12 b 4I ,')6 b 43.61 b 
232 ('hlorotlialonil Once 1.74 ab 2.48 ab 5.40 ab 4.08 ab 1.80 ah 12.63 ab 44,44 ab 46.23 ab 
232 {•(iA-245704 Twice 1.71 b 2,40 b 5.16 c 3.')0 b 1.73 b 12 13 h 42.07 h 43.66 b 
232 Non-treatoil conlrol None 1.73 b 2,45 ab 5.27 abc 3.99 ab 1.78 ab 12.33 ab 42.79 b 44.41 b 
240 Mancozcb Twicc 1.56 ab 2,14 be 4.56 abc 3.46 ab 1.53 be 11.71 alK 43.80 a 46.24 u 
240 I'roplconazolo Twice 1.6{) ab 2,16 alK 4.59 abc 3.50 ab 1.56 abc 11.63 abed 41.')3 b 44,15 b 
240 Ciipric Hydroxide Twice 1.56 ab 2.14 IK 4.5! IK 3 .50 ab 1.56 alK 11.52 abed 41.43 iKd 43.70 IK 
240 Clilorothalonil Twice 1.57 ab 2.15 be 4.55 abc 3,44 ab 1.52 c 11.76 ab 44.29 a 46.78 a 
240 Mancozcb Once 1.58 ab 2.19 ab 4.66 ab 3.56 u 1..58 ab 11.51 abed 40.20 bed 42,25 IK 
240 I'ropiconazole Once 1.54 b 2 .13 be 4.50 IK 3.46 ah 1,54 IK 11.40 bed 40.83 bed 43.01 IK 
240 Ciipric Hydroxide Once 1.55 ab 2.12 c 4.48 c 3.44 ab 1.55 alK 11.32 cd 40.08 cd 42.28 IK 
240 C'hloroibalonil Once 1.61 a 2.23 a 4.71 a 3.59 a 1.61 a 11.83 a 41.78 be 44.01 b 
240 «;A-2457()4 Twice 1..S4 b 2.11 c 4.44 c 3.39 b 1.52 c 11.24 d 39.89 d 41.96 c 
240 Non-lrcaled control None 1.55 ab 2 .13 be 4.51 IK 3,46 ab 1.56 alK 11.42 alKd 40.53 bed 42.63 iK 
248 Maiicozeb Twice 1.57 a 2.07 a 4.68 ab 3.66 a 1.62 a 12.30 a 45.20 ah 47.87 ab 
248 I'ropiconazolc Twice 1.57 a 2.0K a 4.73 ab 3.76 a 1.60 a 12.18 ab 43.24 be 45.50 IK 
248 Ciipric Hydroxide Twice 1.55 ab 2.07 a 4 M ab 3.(>9 a 1.65 a I2.(K) alK 42.42 cd 44.76 cd 
248 Clilorolbalonil Twice 1.55 ab 2.(W a 4.69 ab 3 .66 a 1.61 a 12 30 a 45.57 a 48.25 a 
248 Mancozcb Once 1.52 IK 2.0') a 4.73 ab 3.75 a 1.67 a 11.91 alK 40.74 de 42.81 dc 
248 t'ropiconaz.ole Once 1.53 abc 2,03 a 4.55 ab 3.66 a l.(>4 a 11.80 be 41..54 die 43.83 cde 
248 Cupric Hydroxide Once 1.49 c 2,05 a 4.56 ab 3.67 a 1.66 a 11.69 c 40,71 de 42.86 de 
248 Clilorothalonil Once 1.56 ab 2,10 a 4.76 a 3.78 a 1.66 a 12.14 ab 41.81 die 44.12 cde 
24S CC.A-2457(H Twice 1.48 c 2.03 a 4.52 b 3.59 a l.M a 11.60 e 40.16 e 42.26 e 
248 Non-trealed control None 1.52 be 2 .02 a 4.56 ab 3.62 a 1.63 a 11.69 c 40.87 de 43.13 cde 
Note: measurements followed by the same character for each assessment date in the same column arc not significantly different from each other at the P < 0.05 level. 
